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E LER fice the days of the Lorp CHAN- 
“~“ ceLuor Bacon, natural philofophy 
hath been more and more cultivated in Eng 
land, THAT great genius firft fet out with 
taking a general furvey of all the natural 
Sciences, dividing them into difiinct branches, 
awhich he enumerated with great exactne/s. 
He enquired ferupuloufly into the degree of 
knowledge already attained to in each, ana 
drew up a lift of what fill remained to be. 
difcovered: this was the cope of bis firft un- 
dertaking. Afterward he carried his views 

A 4 | much. 


Vill 


\ 
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PREFACE. 
much farther, and fhewed the neceffity of an 
experimental philofophy, a thing never before 


: thought of. As be was a profeffed enemy to 


Siftems, he confidered philofophy, no otherwife 


_. than as that part of knowledge which con- 
_ tributes to make men better and happier: he 


Jeems to limit it to the knowledge of things 
ufeful, recommending above all the ftudy of 
nature, and fhewing that no progre/s can be 


made therein, but by collecting facts, and 
comparing experiments, of which he points 


out a great number proper to be made. 


But notwithflanding the true path to fcience 
was thus exactly marked out, the old'notions 
of the {chools fo ftrongly poffefed people’ s minds 
at that time, as not to be eradicated by any 
‘new opinions, how rationally foever advanced, 
until the illuftri zous Mr. Boy YLE, the firft — 
who purfued Lord Bacon’s plan, began 
to put experiments m practice with an 
affiduity. equal to. his §reat talents. Next, : 
the Roya Society being eftabli ifbed, the 
true philofophy began to be the reigning tafte 
of the age, and continues fo to this day. 

ee | The 
| 5 


> PURO EAP! Ai CIE: | 

The immortal SiR Isaac NEWTON ine 
Sifted even in bis early years, that it was 
high time to banifb vague conjectures and 
hypothefes from natural philofophy, and ta 
bring that feience under an entire fubjection 
to experiments and geometry. He frequently 
called it the experimental philofophy, /6 as 
— toexprefs fignificantly the difference between. 
at and the numberle/s fyftems which had arifen 
merely out of the conceris of inventive brains : 
the one fisbfifting no longer than the fpirit of 


novelty lafiss the other never failing whilft 


the nature of things remain unchanged. 


The method of teaching buch laying the . 


Soundation of phyfics, by public courfes of 
“experiments, was firft undertaken in this 
kingdom, I beheve, by Dr. Joun Keri, 


and fince improved and enlarged by Mr. 


- Haukspert, Dr. Desacuuiers, - Mr. 
Wuiston,. Mr..Cotes, Mr. WHITE- 
stDE, Dr. BRADLEY, our late Regius and 
Savilian profeffor. of. Aftronomy, and. the 
Reverend Dr. Buiss bis fucceffor.——n 


Nor 


—. MACLAURIN. 


F BYR EEA CIE. 

M or has the fame been neglected by Dr. 
3 James, and Dr. Davip GREGORY, Sir 
RosperT STEWART, and after him Mr.° 
—Dr. HELSHAM in Ire- 


land, Meffeurs s’GRAVESANDE and 
Muscuensroek, and the Abbe NoLLET 
in France, have alfo acquired hc Oe 
thereby. 


The fubfiance of my own attempt in this: 
away of infirumental inftruction, the following 
Sheets: (exclufive of the aftronemical part): 
will fhew : the fatisfaction they have gene= 
rally given, read as lectures to different 
audiences, affords me fome hope that they may 
be favourably received in the fame farm y 
the Lalit 


I ris to obferve, that though the five laft 
leftures cannot be properly faid to concern ex= 
perimental philofophy, Iconfidered, however, 
that they were not of fo different aclafs, but 
that they mght, without much ile se 
be fubjoined to the pr eee ig ones. : 


4 My 


PR EF AC FE, 


My apparatus (part of which is deferibed 


here, and the reft ma * former work) is 
rather fimple than magnificent; which is 
| owing to a particular point I had in view 
at firft fetting out, namely, to avoid all fu= 
perfluity, and to render every thing as 
plain and intelligible as I thought the Sub- 
ject would admit of. 


* Aftronomy explained upon Sir Isaac New- 


- ToN’s principles, and made eafy to thofe who have 


not ftudied mathematics. 
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SELECT SUBJECTS. 


Leo Te al 
Of Matter and its Properties. ; 


S the defign of the firft part of this 
ce courfe is to explain and demonttrate thofe 
~ Jaws-by which the material univerfe is governed, 

regulated, and continued; and by which the 
various appearances in nature are accounted for ; 
it is requifite to begin with explaining the pro- 
_ perties of, matter. | | ; 

By the word matter is here meant every thing Matter, 
that has length, breadth, and thicknefs, and what. 
refifts the touch. Be 

The inherent properties of matter are folidity, Its pro- 
inactivity, mobility, and divifibility. 3 perties. 
_.| The. folidity of matter arifes from its having 
length, breadth, thicknefs ; and hence it is that 
all bodies are comprehended under fome fhape 
or other, and that each particular body hinders 
all others from occupying the fame part of {pace - 

~ which it pofiefieth. Thus, if a piece of wood 

or metal be fqueezed ever fo hard, between two 
plates, they cannot be brought into contact. | 

And even water or air has this property ; for if 

. afmall quantity of it. be fixed between any other 
ae bodies, 


Solidity, 


Anactivity. 


Of the Properties of Matter. 


bodies, they cannot be brought to touch one 
another. 

- A fecond property of matter is znafivity, or 
- -paffi ivene/s; by which it always endeavours to: 


continue in the ftate that it is in, whether of reft 


or motion. . And therefore, if one body contains 
twice or thrice as much matter as another body | 
does, it will have twice or thrice as much inac- 


tivity 5 that i is, it will require twice or thrice as . 


much force to give it an equal degree of motion, 
or to ftop it after it hath been put into fuch a 
motion. 

That matter can never put itfelf into motion is 
allowed by all men. For they fee that a ftone, 
lying on the plane furface of the earth, never 
removes itfelf from that place; nor does any one 


imagine it ever can. But’ moft. people are — 


apt to believe that all matter has ‘a propenfity to - 


fall from a ftate of. motion into a: ftate of reft: 


becaufe they fee that if a {tone ora cannon-ball. 
be put into ever fo'violent 4 motion) it foon ftopsy 
not confidering that this ftoppage is’ caufed, 


1. By the gravity or weight of ‘the body, which 


finks it to the ground in fpite of the impulfe 3 
and, 2. By the refiftance of the ait through which 
it. moves, and by which its velocity is ‘retarded 
every moment till it falls... i 

A. bow] moves but’ a fhort’ way upon a’ bowl- 
ing-green ; becaufe the roughnefs and uneven- 
nels of the grafly furface foon’ creates fri@tion 
enough to ftop it. But if the green were per- 
fectly level, and covered with polifhed glafs, and 
the bowl were perfectly hard, round, and finoothy 


it would go a great way farther's ag it would 


have nothing but the air to refiftit 5; if then thé 
air weré taken away, the bowl °would go on 
without any friction, and confequently without 


any 


v1. , wie A 
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— % “ ' 
any diminution of the,velocity it had at fetting 
out: and therefore, if the ‘green were extended 
quite around the earth, | the bowl would go on, 
round and round the earth, forever, 
~ If the bow! were carried feveral miles above 
the earth, and there projected in a horizontal 
direction, ‘with fuch a velocity as would make 
it move more than a femidiameter of the earth, 
in the time it would take to fall to the earth by 
gravity; 1n that cafe, and if there were no re- 


ty" 


hos 


A 7 . 2 ' 


_ Thethird property of matter is mobility; for Mobility, 
we find that all matter is capable of being moved, — 
‘if a fufficient degree of force be applied to over- 
come its inactivity or refiftance.. an | 
_ The fourth property of miatter is divifbility, Divitibi- 
of which there can beno end. For, fince matter lity 
can never -be annihilated by cutting or breaking, : 
We can never imagine it to be cut into fuch {mail 
particles, but that if one of them be laid on a 
table, the uppermoft fide of it will be further 
from the ive than the undermoft fide. More-. 
over, it would be abfurd to fay that the greareit 
mountain on earth has more halves, quarters, or 
tenth parts, than the fmalleft particle of matter 
hes, | 
© We have many furprifing inftances of the 
{mallnefs to which ntatter can be divided by art: 
. Of which the two following are very remarkable. 


B Is If 


v * 
AS 
= 
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_, Of the Properties of Matter. 

4, Ifa pound of filver be melted with a fingle 
grain of gold, the gold will be equally diffuted 
through the whole filver; fo that taking one 
grain from any part of the mafs (in which there 
can be no more than the 576oth part of a grain 
of gold) and diffolving it in aqua fortis, the 
gold will fallto the bottom. 5 | 


2. The gold-beaters can extend a grain of gold 
into a leaf containing 50 fquare inches; and this - 
leaf may be divided into 500e00 vifible parts. 
For an inch in length can be divided into 100 
parts, every one of which. will be vifible to the 
bare eye: confequently a f{quare ee can be 
divided into 10000. parts, and 50 fquare inches 
into 500000. And. if one of thefe parts be 
viewed with a microicope that magnifies the 
diameter of an object only 10 times, it will 
nagnify the area 100 times; and then the rooth 
‘part of a 50000oth part of a grain (that is, the 
50 millionth part). will be viftble. Such leaves 
are commonly -ufed in gilding ; and they are fo 
very thin, that if 124500 of them were laid upon 
one another, and preffed together, they would 
not exceed one inch in,thicknefs. Tae Sap 

Yet all this is nothing in comparifon of the 
lengths that natute goes in the divifion of mat- 
ter. For Mr. Leewenhboek tells us, that there are 

nore animals in the milt of a fingle cod-fih, 
than there are men upon the whole earth: and 
that, by comparing thefe animals in a micro- — 
fcope with grains of common fand, it appeared 
that one fingle grain is bigger than four millions 
of them. Now-each animal muft havea heart, 
arteries, veins, mufcles, and nerves, otherwife 
they could neither live nor move, . How incon- 
ceivably fmall then’ muft the particles of their 
blood be, to circulate through the {malleft rami- 
| 7 fications 
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“Of the Properties of Matter. D 
‘fications and joinings of their arteries and veins ? 
- ‘Tthas ‘been found by calculation, that a particle 
_ of their blood muft be as much fmaller than a 
“globe of the tenth part of an inch in diameter, as. 
‘that globe is fmaller than the whole earth ;' and 
yet, ifthefe particles be compared with the pare 
ticles of light, they will’ be found to exceed 
them as much in bulk-‘as’ mountains do finelé 
grains of fand., For, the force of ‘any ‘body 
ftnking againft’ an obftacle is. diréftly in pro- 
ortion to its quantity of matter multiplied into 
‘its'velocity : and fince the‘ velocity of the par- 
ticles of light is demonftrated to be at leafta 
‘million times greater than the velocity of a can- 
‘non-ball, it is plain, that if a million of-rhefe _ 
“particles*were as big as'a fingle grain of -find, 
_ ‘we durft.no more open. our eyes to the light, 
than we durft expofe them to fand thot, point- 
Blank from acannon, 
| “Phat matter is infinitely divifible, in’a mathe- ptate 1. 
~ “matical 'fenfe, is eafy‘to be demonftrated. © For, Fig. 1. 
‘et 4B be the length of a particle'to be divided , 
‘and fet it be touched at oppofite ends by the pa- 
rallel lines CD and EF, which, fuppofe to bé 
infinitely extended beyond D and F. Setof 
the equal divifions BG, GH, HI, &c. on the The inf- 
line E’F, towards the right hand from B; and ae 
‘take“a point, as at R, any where toward the left ee : 
hand from A, inthe line C.D: Then, from ‘this proved. 
‘point, draw the right lines RG, RH, RV, &c. 
each of which will cut.off a part from the par- 
ticle.4B, But after any finite number of fuch 
Hines are drawn, there will fill remain apart, as 
A P, at the top of the particle, which can devet 
‘be cut off:, becaufe the lines D R and E F being 
_ parallel, no line can ever. bé drawn from the 
‘point KR to any point of ‘the’ liné E-F that will 
pak: B 2 coincide 


4 


. 
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coincide with the line R.D. Therefore. the par- 

ticle 4B contains more than any finite number 

of parts. ae RRS 
“A fifth property of matter Is attraction, which 


feems rather to be infufed than inherent, Of 


this there are four kinds, viz. cobefion, gravita- 
tion, magnetifm, and elegiricily. 4 Bp Se 

"The attradiion of cobefion is that by which the 
{mall parts. of matter are made to ftick and co- 
here together. Of. this we have feveral, in- 


ftances, fome of which follow. 


1. If a fmall elafs tube, open at both ends, be 
dipt in water, the water will rife up in, the tube 
to a confiderable height above its level in the 


‘bafon: which muft. be owing to the attraction 


of a ring of particles of the glafs all around in 


‘the tube, imimediately above thofe to which the | 


water at any inftant rifes. And when it has rifen 
fo high, that the weight of the column balances 


the attraétion of the tube, it rifes no pian. | 


-preffed together. with a twift, they will attract 


This can be no ways owing to the preffure of the 
air upon the water in the bafon, for, as the tube 
is open at top, it is full of air above the water, | 
which will prefs as much upon the water in the 
tube as the neighbouring air does upon. any 
column of an equal diameter in the bafon. Be- 
fides, if the fame experiment be made. in an 
exhaufted receiver of the air-pump, there. will 
be found no difference. eer 
2. .A-piece of loaf-fugar will draw up a fluid, 
and a fpuhge will draw in water: and on, the 


fame principle fap afcends in trees. 


3. If two drops of quickfilver be placed near 


each other, they will run together and become 


one large drop. 


4. If two pieces of lead be fcraped clean, and 


each 


Of the. Properties of Maiter. : 
each other. fo ftrongly, as'to require a force 
much greater than their. own weight to: feparate , 
them. "And this cannot be owing ‘to the preffure 
of the air, for the fame thing “will hold in an 
exhautted receiver, > 

5. If two polithed plates of marble or bras 
be put together, with a little oil between them 
to fill up the pores in their furfaces, and prevent 
the lodgement of any air; they will cohere fo. 
ftrongly, even if fatpended i in an exhautted re- 
ceiver, that the weight of the lower plate will 
- not be able to feparate it from the upper one. In 
putting thefe plates together, the one fhould be 
rubbed upon the other, as a joiner does two 
pieces of wood when he glues them. | 

6. If two pieces of cork, equal in weight, be 
put near each other in a bafon of water, they will 
move equally faft toward each other with an 
accelerated motion, until they meet: and then, 
if either of them be moved, it will draw the: 
other after it. If two corks of unequal weights 
be placed near each other, they will approach 
with accelerated velocities inverfely proportio- 
nate to their weights: that is, the lighter cork 
will move as much fafter than the heavier, as the. 
heavier exceeds the lighter in weight. | This 
fhews that the attraction of each cork is in direé&t 
proportion to its weight or quantity of matter. 

- This kindof attraction reaches but to a very 
{mall diftance ; for, if two drops of quickfilver. 
be rolled in duft, they will not run-together, 
becaufe the particles of duft keep them. out of 
the {phere of each other’s attraction. 

Where'the {phere of attraction ends, a repul- Repule 
fi ve force begins; thus, water repels moft bodies #01 
till they are wet; and hence itis, that a {mall 

B 3 ~~ needle, 


Gravita- 
tion. 
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upon it without wetting their feet. : 
The repelline force of the particles of a fluid 
pening Pp 


needle, if dry, fwims upon water; and flies walk. 


is but {mall and therefore, if a fluid be divided, » 
jteafily unites again. But if glafs, or any other. 


hard fubftance, be broke into {mall parts, they 


cannot be made to ftick together again without: 
being firft wetted : the repulfion being too great 


to admit of a re-union. | 
The repelling force between water and oil is 
fo great, that we find it almotft impoffible to mix 


them fo, as not to feparate again. If a ball of ' 
light wood be dipt in oil; and then put into wa-: 


ter, the water will recede fo as to form a channel 
of fome depth all around the ball. 
The repulfive force of the particles of air is fo 


great, that they can never be brought fo near to- 


sether by condenfation as to make them flick or 


cohere. Hence it is, that when the weight of. 
the incumbent atmofphere is taken off from any 
{mall quantity of air, that quantity. will diffufe) ” 
itfelf fo as to occupy (in comparifon) an infix 


nitely ereater portion of {pace than it did before, 


Attraction of gravitation is that power by. 


which diftant bodies tend towards one ano» 
ther. Of this we have daily inftances in the fall- 
ing of bodies to the earth. By this power in the 
earth it is, that bodies, on whatever fide, fallin 


‘lines perpendicular to its furface;'and confe- 


quently, on oppofite fides, they fall in oppofite 


directions ; all towards the center, where the: — 


force of gravity is as it were accumulated: and 


_by this power it is, that bodies on the earth’s 
furface are kept to it on all fides, fo that they. 


cannot fall from it. And _as it aéts upon all bo-. 


dies in proportiom to their refpective quantities, - 


of matter, without any regard to their bulks or. 
; pn figures, 


ft 


* 
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figures, it accordingly conftitutes their weight. 
Hence, 

If two bodies which contain equal quantities 
-of matter, were placed at ever fo great a diftance 
from one another, and then left at liberty in free 
fpace; if there were no other bodies in the uni- 
verfe to affect them, they would fall equally {wift 
towards one another by the power of gravity, 


with velocities accelerated as they approached 


each other; and would meet in 2 point which 
was half way between them at firft. Or, if two 
bodies, containing unequal quantities of matter, 
were placed at any diftance, and left in the fame 
manner at liberty, they would fall towards one 
another with velocities which would be in an 
inverfe proportion to their refpective quantities 
-of matter; and moving fafter and fafter in their 
mutual approach, would at lalt meet in a point 
as much nearer to the place from which the 
heavier body began to fall, than to the place 
from which the lighter body began to fall, as 
the quantity of matter in the former exceeded 


. that in the latter. 


All bodies that we know of have gravity or 
weight. For, that there is no fuch thing as po- 
fitive levity, even in {moke, vapours, and fumes, 
is demon{trable by experiments on the air- 
pump; which fhews, that although the fmoke 
of a candle afcends to the top of a tall recciver’ 
when full of air, yet, upon the air’s being ex- 
haufted out of the receiver, the fmoke falls down 
‘to the bottom of it. So, if a piece of wood be 
_immerfed in a jar of water, the wood will rife to 
‘the top of the water, becaufe it has a lefs degree 
of weight than its bulk of water has: but if the 
jar be emptied of water, the wood falls to the 


“bottom. | 
B4 AS 


Go _ ‘Of the Properties of Matter: 

Gravity As every particle of matter has “its proper 
demon- gravity, the effect of the whole muft be in pro- 
* eRe ne Portion to the number of the attracting particles ; 
quantity that is, as the quantity of matter in the whole 
of matter body, ‘This is demonftrable by experiments on 
in bodies. pendulums; for, if they are of equal lengths, 

whatever their weights be, they vibrate in equal 
times. Now itis plain, that if one be double or 
triple the weight of another, it muft require a 
double or triple power of gravity to make it 
move with the fame celerity: juft as it would 
require a double or triple force to project a bul- 
let of twenty or thirty pound weight with the - 
fame degree of fwiftnels that a bullet of ten 
pounds would require. Hence it is evident, 
that the power or force of gravity is always pro- 
portional to the quantity of matter in bodies, 
whatever their bulks or figures are. , 

fe aes Gravity alfo, like all other virtues or emana- 
créafes astions which proceed or iffue from a center, de- 

_ thefquare creafes as the ‘diftance multiplied by itfelf in- 
efthe creafes: that is, a body at twice the diftance of 
diftance . : Oy. 
increafes, Another, attracts with only a fourth part of the 

force; at thrice the diftance, with a ninth part ; 
at four times the diftance, with a fixteenth part; 
and fo on. This too is confirmed by comparing 
the diftance which the moon falls in a minute, 
from a right line touching her orbit, with the 
diftance through which heavy bodies near the 
earth fall in that time. And alfo by comparing 
“the forces which retain Jupiter’s moons in their 
orbits, with their refpe@ive diftances from Ju- 
piter. Thefe forces will be explained in the 
next lecture, | ice ae 
' ‘T’he velocity which bodies ‘near the earth ac- 
quire in defcending freely by the force of gravity, 
is proportional to the times of their defcent. 
pe : For, 
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For, as the power of gravity does not confit in: 


a fingle impulfe, but is always operating in a 
conftant and uniform manner, it muft produce 
equal effects in equal times ; and confequently in 
a double or triple time, a double or triple effect, 
And fo, by acting uniformly on the body, mutt 
accelerate its motion proportionably to the time 
of its defcent. 7 | | 
To bea little more particular on this fubject, 
Jet us fuppofe that a body beg 
a celerity conftantly and gradually increafing, in 
fuch a manner, as would carry it through a mile 
in a minute ; at the end of this fpace it will have 
acquired fuch a degree of celerity, as is fufficient 
to carry it two miles the next minute, though it 
fhould then feceive no new impulfe from the 
caufe by whichits motion had been accelerated : 
but if the fame accelerating caufe continues, it 
will carry the body -a mile farther ; on which 
account, it will have run through four miles at 
the end of two minutes; and then it will have 
acquired fuch a degree of celerity as is fufficient 
to carry it through a double fpace in as much 
more'time, or eight miles in two minntes, even 
though the accelerating force fhould aét upon it 
no more. But this force {till continuing to ope- 
Yate fh an uniform manner, will again, in an 
equal time, produce an equal efiect ; and fo, by 
carrying it a mile further, caule- it to move 
through fiye miles the third minute: for, the 
celerity already acquired, and the celerity ftill 
acquiring, will have each its compleat éffect. 
Fence we learn, that if the body fhould move 
one mile the firft minute, it would move three 
_ miles the fecond, five the third, feven the fourth, 
~hine the fifth, and fo on in proportion. 


And 


sins to move with 


rf 


32 


The de- 
fcending 
velocity 
will give 
a power: 


_ of equal 


aicent. 
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And thus it appears, that the {paces defcribed 
in fucceffive equal parts of time, by an uniformly 
accelerated motion, are always as the odd num- 
bers 1, 3, 5, 7, 9, &c. and confequently, the 
whole fpaces are as the fquares of the times, or of 
the laft acquired velocities. For, the continued 
addition of the odd numbers yields the {quares 
of all numbers from unity upwards. Thus, 1 is 
the firft odd ‘number, and the fquare of 1 is 1; 
» is the fecond odd number, and this added to 
y makes 4, the fquare of 2; 6 1s the third odd 
number, which added to 4 makes g, the tquare 
of 3; and fo on for ever. Since, therefore, the 
times and velocities proceed evenly and conftant- 
ly-as 1, 2, 3,4, &c. but the {paces defcribed in. 
each equal times are as I, 3, 5, 7, &XC. it is evi- 
dent that the fpace defcribed 


In 1 minute willbe - -- i=fquare of 
In 2 minutes - - I+4+3= 4=fquare of 2 
In 3 minutes ~ 14+3-+-5—= g=—{quare of 3 
In 4 minutes 1+3-+4+5+7—16=Iquare of 4, &c. 


N. B. The character + fignifies more, and — 
= equal. jhe Fe 
As heavy bodies are uniformly accelerated by 

the power of gravity in their defcent, it is plain 

that they muft be uniformly retarded by the 
fame power in their afcent. Therefore, the ve- 
locity which a body acquires by falling, is fufi- 
cient to carry it up again to the fame height 
from whence it fell:, allowance being made for 
the refiftance of the air, or other medium in 

which the body igs moved. Thus, the body D . 

in rolling down’ the inclined plane 48 wilh 


acquire juch a velocity by the time it arrives at 


Bb, as 
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B, as will carry it up the inclined plane BC, al- 

moft to C; and would carry it quite up to C, if 

the body and plane were perfectly {mooth, and 

the air gave no refiftance.—So, if a pendulum 

were put into motion in a {pace quite free of 

air, and all other refiftance, and had no friction 

on the point of fufpenfion, it would move for 

ever: for the velocity it had-acquired in falling 
through the defcending part of the arc, would 

be. ftill fufficient to carry it equally high in the, 
-afcending part thereof. | 

The center of gravity is that point of a body The cen 

in which the whole force of its gravity or weight ter of 

is united... Therefore, whatever fupports that 8'?V"Ys 
point bears the weight of the whole body: and 
whilft it is fupported, the body cannot fall, 
becaufe all its parts are in a perfect equilibrium 

about that point. 

An imaginary line drawn from the center of 

gravity of any body towards the center of the 

earth, is called the kine of direction. In this line and line 
all heavy bodies defcend, if not obftructed. _ of direc- 

Since the whole weight of a body is united in "0°? 

its center of gravity, as that center afcends or 
defcends, we muft look upon the whole body to 
do fo too. Butas it is contrary to the nature of 
heavy bodies to afcend of their own accord, or 
not to defcend when they are permitted; we 
may be fure that, unlefs the center of gravity 
be fupported, the whole body will tumble or 
fall. Hence it is, that bodies ftand upon their 
bafes when the line of direction falls within the 
bafe ; for in this cafe. the body cannot be made 
to fall without firft raifing the center of gravity 
higher than it was before. Thus, the inclining 
body ABCD, whofe center of gravity is Z, 
ftands firmly on its bafe CD IK, becaule the ine 


Fig. 3. 


*4 
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of diteStion E F falls within the bafe. But if a— 
weight, as 4B G H, be laid upon’the top of the 
body, the center of gravity of the whole body 
and weight together is raifed up to 7; and then, 
as the line of direétion ID falls without the bafe 
at D, the center of gravity Jis not fupported ; 
and the whole body and weight tumble down 
together. | | . 
Hence appears the abfurdity of people’s rifing 
haftily in a coach or boat when it is likely to 
overfet: for, by that means. they raife the cen- 


ter of gravity fo far as to endanger throwing it | 


quite out of the bafe; and if they do, they 
overfet the vehicle effe@tually. Whereas, had | 
they ¢lapt down to the bottom, they would 
have brought the line of direction, and confe- 
quently the center of gravity, farther within 
the bafe, and by that means might have faved 
themfelves. ny 

The broader the bafe is, and the nearer the 
line of dire@tion is to the middle or center of it, 
the more firmly does the body ftand. On the 
contrary, the narrower the bafe, and the nearer. 
the line of direCtion is to the fide of it, the more 
eafily may the body be overthrown a lefs change 
of pofition being fufficient to remove the line 
of direction out of the bafe in the latter cafe 
than in the former. And hence it is, that a 
{phere is fo eafily rolled upon a horizontal plane; 
and that it is fo difficult, if not impoffible, to 
make things which are fharp-pointed to ftand 
upright on the point—From what hath been 
faid, it plainly appears that if the plane be in- 
clined on which the heavy body is placed, the 
body will flide down upon the plane whilft the 
line of direction falls within the bafe; but it will 


‘tumble or roll down when that line falls without 


I | the. 


rd 
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the. bafe. ‘Thus, the. body 4 will only, flide Fig. 4. 
down the inclined plane CD, whilft the body B 
rolls down upon it... pe ay 
When the line of direction falls within the 
bafe of our feet, we ftand; and moft firmly when 
itis in the middle: but when it is out of that 
bale, we immediately fall: And‘it is not only 
pleafing, but even furprizing, to reflect’ upon 
the various and unthought-of methods and pof- 
tures which we ufe to retain this pofition, or to 
recover it when it is loft. For this purpoie we 
bend our body forward when we rife from a 
chair,.or. when we go up ftairs: and for this 
purpofe a man leans forward: when he ‘carries a 
burden on his back, and backward when he car- 
ries it on his breaft; and to the right or left fide 
as he carries it on the oppofite fide. A thou- 
fand more inftances might be added, 
~ The quantity of matter in all bodies is in ex- 
‘aét proportion to their weights, bulk’ for bull. 
Therefore, heavy bodies are as much: more 
_denfe.or compact than light bodies of the fame 
- ‘bulk,. as they exceed them in weight. 
~All bodies.are full of porés, or {paces void of Allbodies 
‘matter: and in gold, which is the heavieft of potous. 
all known bodies, there is perhaps a. greater 
quantity of {pace than of matter, For the par- 
ticles of heat and magnetifm find an eafy paflage 
through the pores of gold; and even water itfelf 
has been forced through them. Befides, if we 
‘confider how eafily the rays of light pafs through 
fo folid.a hody as glafs, in all manner of direc- 
tions, we fhall find reafon to believe that bodies 
are much more porous than is generally ima- 
rt els eae een ga Saas ETE 
_ All bodies are fome way or other affected by The ex- 
heat; and all metallic bodies are expanded in Sta 
) | ~~  denoth, metals. 
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‘The py- 


rometer. 
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length, breadth, and thicknefs thereby. The 
proportion of the expanfion of feveral metals, 
according to the beft experiments I have been 
able to make with my pyrometer, is nearly thus; 


Iron. and fteel’ as 3, copper 4 and an. half, 
brafs 5 tin 6, lead 7 Ani iron rod tod feet ae | 


tye 


ee ee 


~ The pyrometer hee ‘metitioned 5 Hala arb 
aught I know) of a new conftruction, a de- 
fcription of it may perhaps ‘be agreeable | ‘to the 
reader. ye 

A Ais a flat piece of mahogony, in which’ are 
fixed four brafs ftuds B,C,D,L, and two | he 
one at and the other’ at A. On’ the 
F turns the crooked index EZ. and upon, the 
pin H the’ ftraight index G K, apaintt which a 
piece of. “watch- fpring R bears géntly, and ‘fo 
prefles it towards the beginning of the feale MN, 
over which the point of that index moves. | ‘T. his 
{cale is divided into inchés‘and tenth parts ‘of an 
inch: the firft inch. is marked 1000, the’fecond 
2000, and foon. A bar of metal O is laid into 


_ notches in the top of the ftuds Cand D; ; one 


end of the bar bearing ,againft the adjuftit'® 
{crew P, and the' other “end againft thé crooked ; 
index EJ, at a 2oth patt of its length ‘from ‘its 


‘center of motion F.—Now it is pl ain, thac® how- 


ever. much the bar O lengthens, it will’ move 
that part of the index FJ, aeaintt which it bears, 


juft- as far: bur the booked end of the. fame 


index, near H, being 20 times as far from the 


“center of motion Fas the point is againtt 


which the bar bears, ic will move 20 tae as 
far as the bar lenethens, And as this crooked 
end bears againft “the index GK at only a 20th 
part of the whole length: GS from its center of 

motion 
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fhotion, A, BR, point § wil move through 20 


4 j z ; 


$e part of an neh, aie point § ai move a 
whole inch on the fcale; and as every inch is 
divided into 10 equal parts, if the bar lengthens 
but the roth part of the 4ooth part of an 1 inch, 
which is only the 4cooth part of an inch, the 


point § will move the tenth _part.of an inch, 


which is very perceptible. 

To find how much a bar en ere by hen 
firft lay it-cold into the notches of the ftuds, and 
turn the adjufting {crew P. until the {pring & 

brings. the point S of the index G K to the begin- 
ning of the divifions of the {cale at MZ: then, 
without altering the fcrew any farther, take off 
the bar and rub it with a dry woollen cloth till 
it feels warm; and then, laying it on where it 


was, obferve how far it pufhés the point S$ upon. | 


the {cale by means of the crooked index E /; 

and the-point § will thew exaétly how much the 
bar has lengthened by the heat of rubbing. As 
the bar cools, ‘the {pring & bearing againit the 
index KG, will caufe its point S to move gra- 
dually’ back towards M in the feale: and when 
the bar is quite cold, the index will reft at M4, 
where it was before the bar was made warm by 
rubbing. ‘The indexes have {mall rollers under 
them at Zand K; which, by turning ‘round on 
the {mooth a as ae indexes move, make 
their motions the eafier, by taking off a great 
part of the friction, which would otherwile be 


_ *on the pins F' and H, and of the points of the 


indexes themfelves on the wood. : 


bel Sp 


Befides the univerfal properties above men- Magne 


tioned, there are bodies which have properties t/™. 


pecu- 


Bled Y1- 
city. 
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peculiar to themfelves: fuch as the loadftone, 
in which the moft remarkable, are thefe: 1. It 
attracts iron and fteel only. 2. It conftantly 
turns one of its fides to the north and another 
to the fouth, when fufpended by a thread that 
does not twift. 3. It communicates all its pro- 
perties to a piece of fteel when rubbed upon it, 
without lofing any itfelf. : } 
According to Dr. Hel/fbam’s experiments, the 
attraction of the loaditone decreafes as the fquare 
of the diftance increafes. Thus, if a loadftone 
be fufpended at one end of a balance, and coun- 
terpoifed by weights at the other end, and a 
flat’‘piece of iron be placed beneath it, at the 
diftance of four tenths of an inch, the ftone will 
immediately defcend. and adhere to the iron. 
But if ‘the ftone be again removed to the fame 
diftance, and as many’ grains be put into the 
feale at the’ other end as will exaétly counterba- 
lance the attraction, then, if the iron be brought 
twice as near the ftone as before, that is, only 
two tenth parts of an inch from it, there muft 
be four times as many grains put into the fcale 


as before, in order to be a juft counterbalance 


to the attractive force, or to hinder the ftone 
from defcending and adhering to the iron. So, 
if four grains will do in the former cafe, there 
muft be fixteen in the latter. But from fome 
later experiments, made with the greateft ac- 
curacy, it is found that the force of magnetifm 
decreafes in a ratio between the reciprocal of the 
fquare and the reciprocal of the cube of the di-: 
{tance ; approaching to the one or the other, as 
the magnitudes of the attracting bodies are varied. 
_ Several bodies, particularly amber, glafs, jet, 
fealing-wax, agate, and almoft all precious 
ftones, have a peculiar property of ee 
| igh «| 
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hia 


and re gelling light bodies whem heated’ by rub- 
big. ~ this is called elefrical attraétion, in 


E ie % Se oe oy By 
which the chicf things’to be obferved are, 1. If 


a glafs tube about an inch and a ‘half diameter, 


and two or three feet long, be hedted by rub- 
bing, it will alternately attra@ and’ repel all light 
bodies when held near them. (2-It does not 
attract by being heated’ without’ rubbing. 
3. Any light body being once repelled by the 
tube, will never be attracted again’ till it has 
touched fome other body. 4. If the tube be 
rubbed by a moift hand, or any thing that is 
wet, it totally ‘deftroys the electricity. 5. Any 
body, except air, being interpofed, {tops the 
electricity. 6. The'tube attraéts ftronger when 
rubbed over with bees-wax, and then with a dry 


‘woollen-cloth. 7. When it is well rabbed, if 


a finger be brought near it, at about the dif 
tance of half an inch, the effuvia will fnap 
again{t the finger, and make at little crackling 


there will appear a little fath of light. 


thet TU. 
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W E, have already mentioned it as a necef- Motionor 


ee 


fary confequence arifine from the dead- reftequal- 


endeavour ‘to continue in the ftate they are in, 


bodies, 


_nefs or inactivity of matter, that all. bodies ly indiffe- 
rent to all 


whether of reft or motion. {ff the body 4 were Piate Il. 


_ placed in any part of free fpace, and nothing Fig. 1. 
either draws ‘or impels it any way, it would for 
-€ver remain in that part of fpace, becaufe it 


could have no tendency of iifelf to remove any 
“way from thence. If it receives a fincle im- 


Cc pulfe 


t 


f 
20 fe Of central Forces. , 
-pulfe any way, as fuppofe from 4 towards B, if 
will go on in that direction; for, of itfelf, if 
could never. fwerve from a right line, nor ftop 
its courfe.—When it has gone through the {pace 
AB, and met with no refiftance, its velocity 
will be the fame at B as it was at 4: and this 
velocity, in as much more time, will carry it 
_ through as much more fpace, from B to C; and 
fo on for ever. Therefore, when we fee a body 
in motion, we conclude, that fome other fub- 
{tance muft have given it that motion; and 
when we fee a body fall from motion to reft, we - 
conclude that fome other body or caufe ftopt it. 
Allmo- As all motion is naturally rectilineal, it ap- 
pon re pears, that a bullet projected by the hand, or 
clined {hot from a cannon, would for ever continue to 
peat. move in the fame direction it received at firft, if 
no other, power diverted its courfe, Therefore, 
when we {ee a body move in a curve of any kind © 
‘whatever, we conclude it muft be acted upon by 
two powers at leaft; one putting it in motion, 
and another drawing it of from the rectilineal | 
courfe it would otherwife have continued to 
move in: and whenever that power, which bent 
the motion of the body from a ftraight line into 
a curve, ceafes to act, the body will again move 
on in a ftrait line touching that point of the 
curve in which it was when the action of that 
power ceafed. For example, a pebble moved 
round in a fling ever fo long a time, will fly off — 
the moment it is fet at liberty, by flipping one 
end of the fling-cord: and will go on in a line 
touching the circle it defcribed before: which 
Jine would actually be a ftraight one, if the 
earth’s attraétion did not affect the pebble, and 
bring it down to the ground. This fhews that 
the natural tendency of the pebble, when put 
1 3 inte 
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into motion, ‘is to continue moving in a ftraicht 
line, although by the force that moves the fling 
‘qt be made to revolve in a circle. 


aI 


The change of motion produced is in propor- The ef. 
tion to the force imprefied’: for the effects of fects of 


natural caufes are always proportionate to the 
force or power of thofe caufes. , 

_ By thefe laws it is eafy to prove that a body 
will defcribe the diagonal of a fquare or pa- 
rallelogram, by two forces conjoined, in the 
fame time that it would defcribe either of the 
fides, by one force fingly. Thus, fuppofe the 


body 4.to reprefent a fhip at fea; and that it is Fig, 2; 


driven by the wind, ‘in the right line 4B, with 
fuch a force as would carry it uniformly from 4 
to Bina minute: then, fuppofe a ftream or cur- 


‘rent of water running in the dire@tion 4D, with 


fuch a force as would carry the fhip through an 
equal {pace from 4 to Dina minute. By thefe 
two forces, acting together at right angles to 
each other, the fhip will defcribe the line ZEG 
in a minute: which line (becaufe the forces are 
equal and perpendicular to each other) will be 
the diagonal of an exact fquare. To confirm 


this Jaw by an experiment, let there be a wooden 


{quare 4B C’D fo contrived, as to have the parr Fig. 43 


B EFC made to draw out or puth into the fquare 
at pleafure. ‘T’o this part let the pulley H be 
joined, fo as to turn freely on an axis, which 
will be at‘H when the piece is pufhed in, and 
at / when it is drawn out. To this part let the 
ends of a ftraight wire & be fixed, fo as to move 


along with it, under the pulley; and Jer the ball’ 


G be made to flide eafily on the wire. A thread 
m is fixed to this ball, and goes over the pulley 
to 7; by this thread the ball may be drawn up 


“On the wire, parallel to the fide 7D, when the 


C 2 pare 


combined 
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part B EFC is pufhed as far as it will go into 


the fquare. But, if this part be drawn out, it 


will carry the ball along with it, parallel to the 


bottom of the fquare DC. By this means, the 
ball G may either be drawn perpendicularly up- 
ward by pulling the thread m, or moved hori- 
zontally along by pulling out the part BE FC, 
in equal times, and through equal fpaces; each 


- power acting equally and feparately upon it. | 
But if, when the ball is at G, the upper end of © 
. the thread be tied to the pin J, in the corner 4 


of the fixed fquare, and the moveable part 


BEFG be drawn out, the ball will then be acted 


upen by both the powers together: for it will 


be drawn up by the thread towards the top of | 
the fquare, and at the fame time carried with its. 
- wire & toWards the right hand BC, moving all 


the while in the diagonal line Z; and will be 
found at g when the fliding part is drawn out as 
€ar as it was before ; which then will have caufed 


- the thread to draw up the ball to the top of the 


infide of the {quare, juft as high as it was before, 
when drawn up fingly by the thread without 
moving the fliding part. 

lf the acting forces are equal, but at gblique 
anoles to each other, fo. will the fides of the 


parallelogram be: and the diagonal run through 


by the moving body will be longer or fhorter, 
according as the obliquity is greater or {maller. 
Thus, if two equal forces act conjointly upon the 
body 4, one having a tendency to move it 
through the fpace 48 in the fame time that the 
other has a tendency to move it through an equal 


fpace 4D; it will defcribe the diagonal 4GC 


in the fame time that either of the fingle forces 


would have caufed it to defcribe either of the 
fides. If one of the forces be greater than the 


other, © 


_ 
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. other, then one fide of the parallelogram will be 
fo much longer than the other. For, if one force 
fingly would carry the body through the {pace 
A E, in the fame time that the other would have 
carried it through the fpace 4D, the joint ation 


of both will carry it in the fame time through ' 
y g 


the {pace 4H F, which is the diagonal of the 
oblique parallelogram 4D E F. 

_If both forces act upon the body in fauch a 
_ Manner, as to move it uniformly, the diagonal 
defcribed will be a ftraight line; but if one of 
the forces acts in fuch a manner as to make the 
body move fafter and fafter, then the line de- 
{cribed will be a curve. And this is the cafe 
of all bodies which are projected in recétilineal 
directions, and at. the fame time acted upon by 
the power of gravity; which has a conftant ten- 
dency to accelerate their motions in the dire¢tion 
wherein it acts. ui 
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i r ae “ + F : ; 
_ From the uniform projectile motion of bodies in The laws 


ftraight lines, and the univerfal power of gravity of the 
planetary 


motions. 


or attraction, arifes the curvilineal motion of all 
the heavenly bodies. If the body J be projected 


along the ftraight line “FA in open fpace, Fig. 5. 


where it meets with no refiftance, and is not 
drawn afide by any power, it will go on tor 
ever with the fame velocity, and in the fame 
direction. But if, at the fame moment the 
' projectile force is given it at 4, the body S be- 
gins to attract it with a force duly adjufted *, 
and perpendicular to its motion at 4, it will then 

be drawn from the ftraight line 4 F H, and forced 


* To make the projectile force a juit balance to the gra- 
vitating power, fo as to keep the planet moving ina circle, 
it muft give fuch a velocity as the planet would acquire by 


| gravity when it had fallen through half the femidiameter of: © 


that circle. 
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to revolve about S in the circle 47 //”; in.the 
fame manner, and by the fame law, that.a peb- 
ble is moved round ina fling, And if, when 
the body is in any part of its orbit (as, {uppote 
at K)aimaller body as LE, within the {phere of 
attraction of the body K, be projected, in the 
sight line LM, with a force duly adjufted, and 
perpendicular to the line of attraction L Ky then,, 
the {mall body L will revolve about the large 
body K in the orbit VO, and accompany it in 
jts whole courfe round the yet larger body 5, 
But then, the body K will no longer move in, 


the circle: ATW; for that cifcle will now be 


defcribed by the common. center of gravity be- 
tween K and L, Nay, even the great body & 
wiil.not keep in the center; for it will be the 
common center of gravity between all the three 
bodies 8, K, and L, that will remain immove-. 
able there. So, if we fuppofe S and K connected 
by a wire P that has no weight, and K and L 
conneéted by a wire g that has no weight, the 
common center of gravity of all thete. three 
bodies will be a point in the wire P near S; 
which point being fupported, the bochies will be 
all in equilibria as they. move round it, Though, 
indeed, ftri€tly fpeaking, the common center ‘of 
gravity, of all the three bodies will not be in the 
wire P but when thefe: bodies are all in a; right 
line. Here, S§ may, reprefent the fun, A the 
earth, and Z the moon. | | 

In order to forin an idea of the curves. de- 


- feribed by two bodies revolving about their com- | 
¢ ror) 


See Plate 
- Hi, 


mon center of gravity, whillt they themleives 
with a third bedy are in motion round the com- 
mon center of gravity of all the three; let 
tis firft fuppofe E to be the fun, and e the 
earth going round him without any moon; and 
ae Ane | their 


4 ryt 
ie Care hat 
yj ch we i 


SS 


-- 


s 


so leg eh 


4 


oo 
ae wone 


- 
ae 
ah ee 


——— 7 
Ys Mynde. 


a 


their moving forces regulated, as sbave, In 
this cafe, evita the va goes round the fun in - 
the dotted circle RTUW X, &c. the fun will The 
go round the circle 48 D, whofe center C is cue de- 
the common center of gravity between the fun eee 
and earth: the right line Bo reprefenting the volving 
mutual attraction between them, by which sara (ost 
are as firmly connected ‘as if they were fixed at their 
the two ends of an iron bar ftrong enough to ¢. oye, of 
hold them. So, when the Big is at ¢, the gravity. 
fun will be at #; when the earth is at-J, the fun 
will be at F's and when the earth is at gs the fun 
will Deett Goce, 

Now, let us take in the moon g (at the top of 
the figure) and fuppofe the earth to have no pro- 
greflive motion about the fun; in which cafe, 
whilft the moon revolves about the earth in her 
orbit 415 ¢ D, the earth will revolve in. the 
circle § 13, whofe center R is the common cen- 
ter of gr avity of the earth and moon; they be- 
ing connected by the mutual attraction between 
| them in the fame manner as the earth and fun 
are. 
_ But the truth ts, that whilft the moon revolves 
about the earth, the earth is in motion about 
the fun: and now, the moon will. caufe the 
earth to defcribe an irregular curve, and not a 
true circle, round the fun; it being the common: 
center of gravity of the earth and moon that will 
then defcribe the fame circle which the earth 
would have moved in, if it had not been at- 
tended by a moon. For, fuppofing the moon 
to defcribe a quarter of her progreffive orbit 
about the earth in the time that the earth moves 
from eto f; it is plain, that when the. earth 
comes to f, the moon will be found at r; in 
which time, their common center of gravity 
| C 4 ehis will 
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will have deferibed the doitéd are Rt 7, the 
earth. the curve R 5 f,. and the moon the curve 


gi4r. In the time that the moon defcribes | 


another quarter of her orbit, the center of gra- 


vity of the earth and moon will defcribe the dot- 
ted arc T 2 U, the earth the curve f 6 g, the 


moon .the curve r 15 5, and fo on—And thus, 


whilft the moon goes once round the earth in 


her progreflive orbit, their common center of 


gravity defcribes the regular portion of a. circle 


PRA te awe. the earth the irregular curve 


R5f6¢7h8i, and the moon the yet more 
irregular curve gig r.¥5s16¢17 4; and ches 
the fame kind of tracks over again. ey 
The center of gravity of the earth and moon is 
€000 miles from the earth’s center towards the 
moon; therefore the circle § 13 which the earth 
defcribes round that center of gravity (in every 


-courfe of the moon round her orbit) is 12000 


miles in ‘diameter. Confequently the earth is 
12,000 miles nearer the fun at the time of full 
moon than at the time of new. [See the earth at 
f and at £.] 

To avoid confufion in fo fmall a figure, we 
have fuppoled the moon to go only twice and.a 


half round the earth, in the time that the earth. 


goes once round the fun: it being impoffible ' to 
take in all the revolutions which fhe makes in a 
year, and to give a true figure of her path, un- 
lefs we thould make" fon femidiameter of the 
earth’s orbit at leaft 95 inches; and then, the 
proportional femidiameter of the moon’s orbit 
would be only a quarter of an inch.—For a true 
figure of the moon’s path, I refer the reader to 

my Treatife of Aftronomy. 
If the moon made any complete number of 
revolutions about the earth in the time that the 
earth 
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earth makes: one revolution about the fun, He 
paths of the fun and moon would return into 
themfelves at the end of every year; and fo be 
the fame over again : but they return not into 
thetnfelyes i in leis than 19 years nearly; in which 
time, the earth makes nearly 19 revolutions. 
about the fun, and the moon 235 about the earth. 
Tf the planet A be attracted towards the fun, Plate IL. 
with fuch a force as would make ir fall from Fis. 5. 
to B; in the time thar the projectile impulfe 
. would have carried it from 4 to Fy it will de- 
feribe the arc 4G by the combined action of thefe Bis 
forces, in the famé time that the fotmer would orajetiile 
have hae it to fall from Ato B, or the latter force ba- 
have carried it from Ato F. But, if the projec- lances a 
tile force had been twice as great, that is, fick as i 
would have carried the planet from 4 to 'H, in Meavicy. 
the fame time that now, by the fappofition, it: 
carries it only from 4toF; the fun’s attraction 
muft then have been four times as ftrong as for- 
-merly, ‘fo have kept the planet in the circle 
ATW, thati is, it muft have been fuch as would 
have caufed the planet to fall from 4 to £, 
which i is four times the diftance of 4 from B, in 
the time that thé projectile force fingly would 
have carried it from 4 to H, which is only twice 
the diftance of 4from F*. Thus, a double pro- 
jectile force will balance a quadruple power of 
gravity in the fame circle ; as appears plain by 
the figure, and fhall foon be confirmed by an 
experiment. — 

The whirling-table i is a Betis contrived for Plate IV. 
fhewing experiments of this nature. 44 is a Fig. ii 
{trong frame of wood, & a winch or handle 


La 


‘* Here the arcs 4G, AI muft be fuppofed to be very 
{mall; othérwife 4£, which is equalto HJ, willbe more 
than quads uple to 4B, icine is equal to FG, ; an 

fixed 
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fixed on the axis C of the wheel D, round which 
is the catgut ftring F, which alfo goes round the 
{mall wheels G and K, croffing between them 
and the great wheel D. On the upper end of | 
the axis “of the wheel G, above the frame, is 
fixed the ‘round board d, to which the bearer 
M$ X may be faftened occafionally, and remov- 


_.-ed when it is not wanted. On the axis of the 
wheel His fixed the bearer N7TZ: and it is 


round holes near aN edges for letting, them 


eafy to fee that when the winch 8B is turned, the 
wheels and bearers are put into a whirling’ mo- 
tion. 

Each bearer ee two wires, W, X, and Y Z, 
fixed and {crewed tight into them at the ends by 
nuts on the outfide. And when thefe nuts are 
un{crewed, the wires may be drawn out in 
order to change the balls U and VY, which lide 
upon the wires by means of bras loops fixed in- 
to the balls; which keep the balls up from touch- 
ing the wood below them. A ftrong filk line 
goes through each ball, and is fixed to it at any 
length from the center of the bearer to its end, 
as occafion requires, by a nut-fcrew at the top of 
the ball; the fhank of the fcrew goes into the 
center of the ball, and preffes the line againft 
the under fide of the hole that it goes through, 
~The line goes from the. ball, and under a {mall 


pulley fixt. in the middle of the bearer; thenu 


through a focket in the round plate (fee S and T) 
in the middle of each bearer; then through a 
flit in the middle of the fquare top (O and P) 


of each: tower, and going over a fmall pulley on 


the top, comes down again the fame way, and is 
at laftfaftened to the upper end of the focket 
fixt in the middle of the above-mentioned round 
plate. Thefe plates S and Y have each four 


~ flide 
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flide up and down upon the wires which make 
the corners of each tower. ‘The balls and plates 
_ being thus connected, each, by its. particular 
line, it is plain that if the balls be drawn outward, 
or towards the ends MZand NV of their refpective 
bearers, the round plates S and 7’ will be drawn 
up to the top of their refpective towers O and P. 

There are feveral brafs weights, fome of two, 
ounces, fome of three, and fome of four, to be 
occafionally put within the towers O.and. P, upon 
the round plates.S and 7.: each weight having 

around hole in the middle of it, for going upon 
the fockets or axes of the plates, and is flit from 
the edge to the hole, for allowing it to be flipt 
over the forefaid line which comes from each 
ball to its refpective plate. (See Fign 2.) . 
The experiments to. be made by this machine 
are as follows: | | 
. Take away the bearer MX, and take the pip, 1, 
ivory ball ¢, to which the line or filk cord d is 
faftened at one end; and haying made a loop on 
‘the other end of the cord, put the loop ever a 
pin. fixt in the center of the board d, Then, 
turning the winch & to give the boarda whirling The pro. 
motion, you will fee that the ball does not imme- penfity of 
diately begin to move with the board, but, on matter to 
account of its inactivity, it endeavours to conti- Ae ae 
“nue in the ftate of reft which it was in befores—jn, 
Continue turning, until the board communicates 
an equal degree. of motion with its own to the 
ball, and then turning on, you will perceive that 
the ball will remain upon one part of the board, 
keeping the fame velocity with it, and having no 
relative motion upon it, as is the cafe with every 
thing that lies Joofe upon the plane furface of the 
earth, which having the motion of the earth 
communicated to. it, never endeavours to Temas 
rom 
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from that-place. But ftop the board fuddenly 
by hand, and the ball’ will go on, and con-. 
tinue to revolve upon the board, ‘ unul the 
friction thereof ftops its motion: which fhews, 
that matter being once’ put into~ motion, 
would continue to move for ever, if it met with ~ 
no refiftance, “In like manner, if a perfor ftands 
‘ upright in a boat before it begins to move, he 
can ftand firm; but the moment the boat fets 
off, he is indanger of falling towards that place 
which the boat departs from: becaufe, as mat- 

* ter, he has no natural propenfity to move. But 
when he acquires the motion of the boat, let it 
be ever fo fwift, if it be fmooth and uniform, he 
will {tand as upright and firm as if he was on 

the plain fhore; and if the boat ftrikes againft 
any obftacle, he will fall towards that obftacle ; 
on account of the propenfity he has, as matter) - 
) to keep the motion which the boat has put him 
nto. : fo, 
2. Take away this ball, and puta longercord _ 
to it, which may be put down through the hol-. 
low axis of the bearer AZ X, and wheel G, and 
‘fix a weight to the end of the cord below the 
machine; which weight, if left at liberty, will 
draw the ball from the edge of the whirling- 
ey board to its center. ! | : 
Bodies. . Draw off the balla little from the center, and 
movingin turn the winch ; then the ball will go round and 
aie round with the board, and will gradually Ay off 
tendency farther and farther from the center, and raife up 
to fly out the weight below the machine: which fhows 
of thefe that all bodies revolving in circles have a ten- 
orbits. dency to fly off from thele circles, and muft have 
fome power acting upon them from the center of 
motion, to keep them from flying off. Stop the 
machine, and the ball will continue to revolve 
: | for 
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fer fome time upon the board; but as the frie- 
tion gradually {tops its motion, the weight a@ting 
‘upon it will bring it nearer and nearer to the 
center ir every revolution, until it brings it 
quite thither. This fhews, that if the planets 
met with any refiftance in going round the fun, 
its attractive power would bring them nearer 
and nearer to it in every revolution, until they 
UOT See a lu | nS 
3. Take hold of the cord below the machine Bodies 
with one hand, and with the other throw the bal] eve, 
upon the round board as it were at right angles “oral 
‘tothe cord, by which means it will go round bits than 
and round upon the board, Then: obferving in large 
with what velocity it moves, pull the cord be-°"** 
low the machine, which will bring the ball nearer . 
to the center of the board, and you will fee that 
the nearer. the ball is drawn to the center, the 
fafter it will revolve; as thofe planets which are 
neareft the fun revolve fafter than thofe which 
“are more remote; and not only go round fooner, 
-becaufe they defcribe {fmaller circles, but even 
move. fafter. in every part of their refpective 
circles: | * : / 
4. Take away this ball, and apply the bearer Their 
M X, whofe center of motion is in its middle teal 
w, dire€tly over the center of the whirling board #4. 
d. Then put two balls (V and UW). of equal 
weights upon their bearing wires, and having 
fixed them at equal diftances from their refpective 
centers of motion w and ~ upon their filk cords, 
by the fcrew nuts, put equal weights in the 
towers O and P. Laftly, put the catgut ftrings 
F and F upon the grooves Gand Hof the {mall 
wheels, which being of equal diameters, will give 
equa! velocities to the bearers above, when the 
winch B is turned: and the balls U and / will 


fly 
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fly off towards Af and N; and will raife the 


weights in the towers at the fame inftant. This 


fhews, that when bodies of equal quantities of 


‘Matter revolve in equal circles with equal velo- 
cities, their*centrifugal forces are equal. 


_5. Lake away thefe equal balls, and inftead 
of them, puta ball of fix ounces into the bearer 
MX; ata ffxth part cf the diftance wz from the 
center, and puta bail of one ounce into the op- 
pofite bearer, at the whole diftance xy, which’ 
is equal to wz from the center of the bearer ; 
and fix the balls at thele diftances on their cords, — 
by the fcrew nuts at top; and then the ball U, 
which is fix times as heavy as the ball V, will be 
at only a fixth part of the diftance from its cen- 
ter of motion ; and confequently will revolve in 
a circle of only a fixth part of the circumference 
of the circle in which V revolves. Now, let any 
equal weights be put into the towers, and the 
machine be turned by the winch; which (as the 
catgut {tring is on equal wheels below) will 
caufe the balls to revolve in equal times; but 7 


will move fix times as faft as U, becaufe it re- 


volves in a circle of fix times its radius; and 
both the weights in the towers will rife at once, 
This fhews, that the centrifugal forces of revolv- 
ing bodies (or their tendencies to fly off from the 
circles they defcribe) are in dire@t proportion to 
their quantities of matter multiplied into their. 
tefpective velocities ; or into their diftances from 


the centers of their refpective circles. For, fup- 


pofing U, which weighs fix ounces, to be two 


“inches from its center of motion w, the weight 


multiplied by the diftance is 12: and fuppoling 


“V, which weichs only one ounce, to be 12 inches 
tae ) 


diftanc from the center of motion x, the weight 
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is 12. And as they revolve in equal times, their 
velocities are as their diftances from the center, 
namely, as1to6. ays | 

_ If thefe two balls be fixed at equal diftances 

from ‘their refpeCtive centers of motion, they 4 

will move with equal velocities, and if the — 
tower O has 6 times as much weight put into it 

‘as the tower P has, the balls will ‘raife their 

weight exactly at the fame moment. This 
- fhews that the ball U being fix times as heavy as 
the ball V, has fix times as much centrifugal 
force, in defcribing an equal circle with an equal 
‘velocity. | | 
6. If bodies of equal weights revolve in equal A double 
circles with unequal velocities, their centrifugal velocity 
forces are as the fquares of the velocities. Tom the. 
. as ame cirs 
prove this law by an experiment, let two balls yj. 5,4 | 
U and Y of equal weights be fixed on their cords balance 
at equal diftances from their refpeCctive centers to a quas 
Of motion w and; and then Jet the carcut druple F 
{tring E be put round the wheel K (whole cir- brits: 
‘cumference is only one half of the circumference 
‘of the wheel H or G) and over the pulleys to 
‘Keep it tight ; and let four times as much weight 
be put into the tower P, as in the tower O. 
‘Then turn the winch B, and the ball V will re- 
volve twice as faft as the ball U ina circle of the 
fame diameter, becaufe they are equidiftant from 
the centers of the circles in which they revolve; - 
and the weights in the towers will both rife at 

- ‘the fame inftant, which fhews that a double ve- 
locity in the fame circle will exactly balance a 
quadruple power of attraction in the center of 

‘the circle. For the weights in the towers may 
be confidered as the attractive forces in the cen- 
ters, acting upon the revolving balls; which, 
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“moving in equal circles, is the fame thing as if 


they. both moved in one and the fame circle. | 
7. Tf bodies of equal weights revolve in un- 
equal circles, in fuch a manner that the fquares 


of the times of their going round are as the 
cubes of their diitances from the centers of | the 


thofe centers. F or, the catgut ftring remaining 

as in. the laft experiment, let the diftance of the 
ball V from the center x be made equal, to two 
of the crofs divifions on its bearer ; and the dif- 
tance of the ball U from the center w be three 


and a fixth part ; the balls themfelves being of _ 


equal weights, and V making two revolutions 
by turning the winch, in the time that U makes 
one: fo that if we {uppofe the ball / to revolve 
in one fecond, the ball U will revolve in two 
feconds, the fquares of which are one and four: 
for the fquare of 1 is only x, and the fquare of 
218 4; therefore the fquare of the period or 
revolution of the ball V, 1s contained four times 
in the fquare of the period of the ballU. But 
the diftance of V is 2, the cube of which is 8, 


_and the diftance of U is 32, the cube of which 


is 32 very nearly, in‘ which 8 is contained four 


times; and therefore, the fquares of the periods 


of Vand U are to one another as the cubes of 
their diftances from » and w, which are the cen- 
ters of their refpective circles. And if the 
weight in the tower O be four ounces, equal to 
the {fquare of 2, the diftance of Y from the cen- 


ter x; and the weight in the tower P be 10 
ounces, nearly equal tothe fquare of 34, the 


diftance of U from w; it will be found upon turn- 
ing the machine by the winch, that the balls UV 
and V will. raife their refpective weights at 

5 the. 
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the fame inftant of time... Which confirms’ that 
famous propofition of Kepier, viz. That the 
fquares of the periodical times of the planets 
round the fun are in proportion to the cubes of 
_ «their diftances from him; and that the fun’s at- 
traction is inverfely as the {quare of the diftance 
.from his center: that, is, at. twice the diftance; 
his attraction is four-times lefs; and thrice the 


diftance, nine times lef; at four times the dif 


tance, fixteen times lefs; and fo on, to the re- 
motetft part of the fyftem. : | | 

8. Take off the catgut firing # from the 
ereat wheel D and the {mall wheel H, -and. let 


the {tring F remain upon the wheels D-and G. » 
Take away alfo the bearer AZX from the whirl- © 


ing+board d, and inftead thereof put the :ma- 


chine 4B upon it, fixing this machine to the 
center of the board by the pins ¢ and d, in fuch Fig; 3, 


a manner, that the end ef may rife above the 
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board to.an angle of go or 40 degrees. In the The ab: 
upper fide of this machine are two glafs. tubes furdity of 
@ and, clofe ftopt at both ends; and each the Carte- 


tube is about three quarters full of water. 
_ the tube a isa little quickfilver, which naturally 
falls down to the end a in the water, becaufe 
it is heavier than its bulk of water; and on the 
tube 4 is a {mall cork which floats on the top 
of the water at e, becaufe it is lighter; and it 
is {mall enough to have liberty to rife or, fall 
inthe tube. While the board 4 with this ma- 
chine upon it continues at reft, the quickfilver 
lies at the bottom of the tube a, and the cork 
floats on the water near the top of the tube J. Bur, 
upon turning the winch, and putting the mas 
chine in motion, the contents of each tube will 


__ fly off towards the uppermoft ends (which are ~ 
- fartheft from the center of motion) the heavieft . 


with 
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with the greateft force. Therefore the: duicle 
filver in the tube ¢ will fly off quite to the end 
f, and occupy its bulk of fpace there, excluding 
the water from that place, becaufe it is lightér 
than quickfilver ; but the water in the tube id 
flying off to its higher end e, will exclude the 
cork from that place, and caufe the cork to de- 
fcend towards the lowermoft end of the tube, ~ 
where it will remain upon the loweft end of the 
water near 8; for the heavier body having the 
oreater centrifugal force, will therefore poffefs 
the uppermoft part of the tube; and the lighter 
body will keep between the heavier and the 
“lowermoft part. 
This demonftrates the abiurdity of the Carte- 
fian doctrine cf the planets moving round the 
{un in vortexes: for, if the planet be more 
denfe or heavy than its bull of the vortex, it will 
fly off therein, farther and farther from the fun 
if lefs denfe, it will come down to the Joweft 
part of the vortex, at the fun: and the whole 
vortex itfelf mutt be furrounded with fomething 
hike a great wall, otherwife it would fly quite off,. 
planets and all together.-But while gravity ex- 
ifts, there 1s no occafion for fuch vortexes ; ; and 
when it ceafes to exift, a ftone thrown upwards 
will never return to the earth again. 
Tfonebes 9. If a body be fo placed on the whirling- — 
dy moves board of the machine (Fig. 1.) that the center of 
aes gravity of the body be directly over theecenter 
ae se Of the board, and the board be put into:ever fo 
themmuftrapid a motion by the winch B, the body will! 
move turn round with the board, bur will not remove 
ae from the middle of it; for; as all parts of the 
wi ay body are in equilibrio round its center of gravity,. 
ter of . sand thecenter of gravity is at reft in the center 
gravity. of motion, the centrifugal force of all parts of 


es the: | 
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the body will be equal at equal diftances from 
its center of motion, and therefore the body will 
temain in its place. But if the ceater of gravity 
be placed ever fo little out of the center of mo- 
tion, and the machine be turned fwiftly round, 
the body will fly off towards that fide of the 


37 


board on which its center of gravity lies. Thus, Fig: 4s 


if the wire C with its little ball B be taken away . 
from the demi-globe #4, and the flat fide e f of 
‘this demi-globe be laid upon the whirling-board 
‘of the machine, fo that their centers may coin- 
cide; if then the board be turned ever fo quick 
.. by the winch; the demi-globe will remain where 
it was placed. But if the wire C be {crewed into 
the demi-globe.at d; the whole becomes one 
body, whofe center of gravity is now at or near 
d. Letthe pin c¢ be fixed in the center of the 
whirling-board,.and the deep groove 4 cut in the 
“flat fide of the demi- globe be put upon the pia, 


fo as the pin may be if the center of 4 [See Fig. Fig: 5. 


_ . where this groove is reprefented at 4] and lec 


- thé whirling-board be turned ‘by the winch, 


which will carry the little ball B (Fig. 4.) with - 


its wite C, and the demi-globe /% all round the 
center-pin cz; and then, the centrifugal force of 
the little ball B, which weighs only one ounce, 
will be fo preat, as to draw off the demi-globe 
“4, which weighs two pounds, until the end of 


_ the eroove at e ftrikes againft the pin ¢f and’ 


fo prevents the demi-globe A from going any 
farther: otherwife, the centrifugal force “of B 
would have been great enough to have carried 
A quite off the whirling-board. Which fhews, 
thar if the fun were placed i in thé very center of 
the orbits of the planets, it could not poffibly 
femain there; for the centrifugal forces of the 


“a ica would carry them quite off} and the fun 
; D 2 with 
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with them; efpecially when feveral of them —s r 
‘pened to be in any one quarter of the heavens. 
For the fun and planets are as much connected 
-by the mutual attraction that fubfifts between 
them, as the bodies 4 and B.are by the wire C 
which is fixed into them both. And even if 
‘there were but one fingle planet in the whole 
heavens to go'round ever fo large a fun in the 
center of its orbit, its centrifugal force would 
foon carry off both itfelf and the fun. For, the 
ereatelt body placed in any part of free fpace. 
might be eafily moved: becaule if there were no 
other body to attract it, it could have no weight — 
or gravity of itfelf, and confequently, though it 
could have no tendency of itfelf to remove from » 
that part of fpace, yet it might be very eafily ~ 
moved by any other fubftance. 
10. As the centrifugal force of the light body 
B will not allow the heavy body 4 to remain in 
the center of motion, even though it be 24 times 
ee heavy as B; Jet us now take the ball 4 (Fig. 
“ee? 6.) which weighs 6 ouncés, and conneétit.by — 
the wire C with the ball B, which weighs only 
one ounce; and let the fevils E be fixed into the 
‘center of the whirling-board: then hang the 
balls upon'the fork by “the wire C in fach a man- 
ner, that they may exaétly balance each. other; 
which will be when the center of gravity between . 
them, in the wire at d, is fupported by the fork. - 
And this center of gravity is as much nearer,to 
the center of the ball 4, than to the center of the 
ball B, as,4 is heavier.than 8, allowing 'for the 
weight of the wire on-each fide of the fork. 
This done, let the machine be put into motion 
by the winch;-and the balls .4 and B will go © 
round their common center of gravity d, keep- | 
\ing their balance, .becaufe either will not allow. ° 
so i Be the : 
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the other to fly off with it... For, fuppofing the 


ball B to be only one ounce in weight, and the 


ball A to be fix ounces; then, if the wire C were 


equally heavy on each fide.of the fork, the center 
of gravity d would be, fix times as far from. the 
center of the ball Bias, from that of the.ball 4, 
and confequently B will revolve with a velocity 
fix.times as great asf does;. which will give B 
fix times as much centrifugal force as any fingle - 
ounce of 4 has: but then,.as B is, only one 


ounce, and 4 fix ounces, the whole centrifugal 


? 


force of 4 will exactly balance the whole centri- 
fugal force of B and, therefore, each body will 
detain the other fo as to make it keep in. 1ts- 
circle.,; This fhews) that the fun.and.planets muff. 
allsmove round the common ‘center, of gravity, 
of the, whole. fyftem, in-order to preferve.that juft 
balance which takes, place among them., For, 
the planets being as unactive and dead. as the 
above balls, they could no more have put them- 
felves. into motion than thefe balls.can;, nor have 
kept. in their orbits, without being ,bal 


ee 


fir with the greateft degree of.exagtnefs upon 


their common center of gravity, by the Almighty. 
hand that made them/and put them in motion. __ 
Perhaps it may be here afked, that fince the 

center of gravity between thefe balls. muft be 


4 fupported. by the, fork, Z in this experiment, 


qwhat-prop itis that fuppores, the center of. gra- 
vity,of the folar.fyftem, and, confequently: bears — 
the. weight, of all the,bodies in,it;,and.by what. 
is the prop itfelf fupported?, ‘Che anfwer.is ealy 


and plain; for the center of gravity of our balls 


mutt be fupported, becaute they, gravitate to- 
wards the earsh, and would therefore fall to it: 


_ but-as the fun'and: planets gravitate only towards 


D 3 one 


Ld 
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“one another, they have nothing elfe.to fall tO 3. 


and therefore have no occafion for any thing to 
fupport their common center of gravity : and if . 
they did not move round that center, and confe-’ 
quently acquire a tendency to fly off from it by 
their motions, their mutual attractions would 
foon bring them together ; and fo the whole: 


| would bdadine one rian in the fun: which would | 


alfo be the cafe if their velocities round the fun 
were not quick enough to create a centrifugal 
force equal to the fun’s attraction. 3 

But after all this sice adjuftmenty it appears 
evident that the Deity cannot withdraw his re- 
culating hand from his works, and leave them’ 
to be folely g coverned by the laws which he ‘has’ 
impreft upon them at firft. For if he’ thould: 
once leave them fo, their order would in time’ 
come to an end; becaufe’ the planets mutt nes 
ceffarily difturb one another’s motions by their 
mutual attractions, when feveral of them arein: 
the fame quarter of the heavens; as is often the 
cafe: and then, as they attract the fun more 
towards that quarter than when they are in’a 
manner difperfed equably around him, if he was 
not at that time made to defcribe a portion of’a 
Jarger circle round the common center of gravity, 
the balance would then be immediately de- 
ftroyed ;, and as it could never reftore itfelf again, 
the whole fyitem would begin to fall together, 
and would in time unite.in’a mafs at the fun.— 
Of this difturbance we have a very remarkable 
inftance in the comet which appeared ‘lately 5 and 
which, in going laft up before from the fun, went 
fo near to Jupiter, and was fo affected by his 
attraction, as to have the figure of its orbit much 
changed ; ; and not only te but to have its period 

altered, 
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— altered, and. its:courfe tobe different i in the hea-. 
vens from what it was laft before. 
pr. Take away the fork, andyballs from the Fig. 7. 
whirling-board, and place the trough 4.B there-. 
on, .fixing.its center, to.the center os the whirl-. 
ing-board by the pin. H. In this trough are-two 
balls D and #, of unequal weights, “connected 
by a wire f; and made to flide ‘calily upon. the 
wire C ftretched from end to end of the trough, 
and made faft by nut-fcrews on, the outfide of the 
ends. Let thefe balls be fo placed upon the wire 
C, that their common center.of eravity g may be 
- direétly over the center of the whirling-board. 
Then, turm the machine.by the winch, ever fo 
{wiftly, and the trough and balls will goround their 
center of gravity, co as neither, of f the balls will fly 
_ off; becaufe, on account of the equilibrium, each 
ball detains the other with an equal force. a¢ting 
again{t it.. But if the ball .Z be drawn a- little 
more towards the end of the trough at 4, it will 
remove .the center of gravity towards that end 
from, the center. of motion;, and then, upon 
turning the machine, the ietle ball F will Ay off, 
and ftrike with a confiderable force againit the 
end 4, and draw the great ball B into the middle 
of ane. trough. Or, if the great ball D be drawn 
towards the end & of the trough, fo that the cen-, 
ter of gravity may be a little towards that end 
from the center.of motion, and the machine be. 
turned by the winch, the great ball D will Aly of, 
and ftrike violently. again{t the end B of che 
trough, and will bring the little ball Ei into the 
middle of it. If the t trough be not made. very 
firong, the ball D will break through it. | . 
12. The reafon why the tides rife at the {amMeof the 
 ebfolute time on n oppolite fides of the earth, and tides, 
| Bhi ods confequently 


: Of the Tides. ° 
confequently it ‘oppofite dire€tions, is made 
abundantly plain’ by a new experiment on the 


. ‘whirling-table, Thecaufe of their rifing onthe fide 


next the moon every one underf{tands to be owing 
to the moon’s attraction: but why they fhould 
rife on'the oppofite fide at the fame time} where 
-there’is no moon to attra@ them, is perhaps not 
fo generally: underftood, For it would feem’ 
that the moon fhould rather draw the waters (as 
it were) clofer to that fide, than raife them upon’ 
it, directly contrary to' her attraCtivé force. «Let 
the circle 4b ¢d reprefent the earth; with its fide 
¢ turned toward the moon, which will’'then at-' 
tract the waters fo, as to raife them from c to'g. 
But the queftion is, why fhould they rife‘as high 
at that very time on the oppofite fide, from ato 
e? In order to'explain this, let there bé-a' plate 


AB fixed tpor-one end of the flat bar DC; with 


fuch a circle drawn upon it as abcd (in' Fig. 8.) 
to reprefent the round figure of ‘the earth and 
fea; and fuch an ellipfis.as ef g b'to reprefent the 
{welling of the tide ate and ¢, occafioned by the 
influence of the moon. Over this plate 4B let 
the three ivory balls ¢, f, g, ‘be ‘hung by’the filk 


_ tines 4, 7, 2, faftened to theitops of the crooked 


wires H, J; K, in fuch a manner, that the ball at 
e' may hang freely over the fide of the circle e, 
which is fartheft-from the moon M (at the other 
end of the bar); the'ball at fmay hang freely 
over'the center, and the ball at'g hang over the 
fide of the circle'g, which is néaréeit the’ moon: 
The ball f may reprefent the Cente¥ of the’earth, 
the ball’ ¢ fome water on the fide next the moon, 
and the-ball e’‘fome water on the oppofite fide. 


On the back of rhe Moon M is fixt the fhort bar 


N paralleP to- the“ horizon, and there are three 
oles in it‘above the-little weights p, q, r. ae 
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filk thread 0 is tied to the line & clofe above the ~ 


ball'g, and pafling by one’ fide of the moon 14, 
goes through a. hole in the bar N, and has the 
weixht p hung’to it. Such another thread x is 
tied to the line 7, clofé above the ball f, and 
Jaffing through the center of the moon M/Z and 
middle of the bar N, has the weight g hung to 


it, which is lighter than the weight p,. A third. 
thread m is tied to the line J, clofe above the ball 


é, and paffing by the other fide of the moon 1% 


through the bar NV, has the weight r hung to it, 


which is lighter than the weight g, 
‘The ufe of thefe three unequal weights is to 


reprefent the moon’s unequal attraction at diffe- 


rent diftances from her. With whatever force 


fhe attracts the center of the earth, the attracts - 
the fide next her with a greater deoree of force, 


and the fide fartheft from her with a lefs. So, 
if the weights are left at liberty, they will draw 
all the three balls towards the moon with diffe- 
Tent degrees of force, and caufe them to make 


the appearance fhewn in Fig. 10; by which Fig. 106 


means they are evidently farther from each other 


than they would be if they hung at liberty by the. 


Hines /, 7, k; becaufe the lines would then hang: 
perpendicularly. “This fhews, that as the moon 
attracts the fide of the earth which is neareft her 


with a greater degree of force than fhe does the - 


center of the earth, fhe will draw the water on 
that fide more than fhe draws the center, and fa 
- caufe it to rife on that fide: and as the draws the 
center more than fhe draws the oppofite fide, 
the cénter will recede farther from the furface of 
the water on that oppofite fide, and fo leave it as 

_ high there ds fhe raifed it on the fide next to her, 
For, as the center will be in the middle rere 
tne 
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the tops of the oppofite elevations, they muft of 
courfe be equally high on both fides, at the fame 
time. | 

But upon this fuppofition the. eat, aGn moon 
would foon come together: and to be fure they 
would, if they had not a motion, round their 
common center of gravity, to create a degree of 
centrifugal force fufficient to balance their mu- 
tual attraction. This motion they have; foras 
the moon goes round her orbit every month, at 
the diftance of 240000 miles from the earthrk 
center, and of 234000 miles from the center of | 
eravity of the earth and.moon, fo does the earth 
eo round the fame center of gravity every month 
at ‘the diftance of 6000 miles from it; that i 1S, 
from it to the center of the earth. Now as the 
earth is (in round numbers) 8000 miles in dia- 


meter, it is plain that its fide next the moon is 


only 2000 miles from the common center of gra- 
vity of the earth and moon; its center 6000 
miles diftant therefrom ; and its farther fide from 
the moon 1oo0o. ‘Therefore the centrifugal 
forces of thefe parts are as 2000, 6000, and. 


- 10000 3 that is, the centrifugal force of any fide. 


of the earth, when it is turned from the moon, 


is five times as great as when i it 1S turned towards _. 


the moon, And as the moon’s attraction (ex- 

reft by the number 6000) at the earth’s center 
peers the earth from flying out of this monthly 
circle, it muft be greater than the centrifugal 


force of the waters on the fide next her; and 
confequently, her greater degree of attraction on 


that fide is fufficient to raife them; but as her 
attraction on the oppofite fide is lefs than the 
centrifugal force of the water there, the excefs 
of this force i is a to raife the water jut as. 


high 
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high on. the oppofite fide.—To prove this expe-, 
rimentally, let. the bar DC with its furniture be Fig. 9, 
fixed upon the whirling-board of the machine» 
(Fig. 1.) by pufhing the pin P into the center | 

of the board; which pin is in the center of gra-. 

vity of the whole bar with its three-balls.e,\/, g, 


~ and moon M.-. Now if, the whirling-board and 


bar be turned flowly round by the winch, until 
the bali f hangs over the center of the.circle, as. 
in Fig. 11. the ball g will, be kept. towards the, 
moon by:the heavieft. weight g, (Fig, 9.) and. 
the ball ¢, on account of, its greater centrifugal 
force, and the leffer weight r, will fly off as far, 
to the other fide, as in Fig. 11, And fo, whilft 
thé machine is kept turning, the balls eand g 
will.hang over the ends of theellipfis /f-£.,. So 
that the centrifugal farce of the ball ¢ will ex- 
céed the moon’s attraction juft as much as her 
attraction exceeds the centrifugal force of: the 
ball g, whilft her attraction juft balances the cen- 
trifugal force of the. ball. f,; and makes it keep 
in its circle. .And-henee-it-is evident that the 
tides muft rife to equal heightsat the fame time. . 
en oppofite fides of the earth. This. experi- 
- ment, to the beft of my, knowledge, 1s entirely 
new. i raigahalt Fi REN 
From the principles thus. eftablifhed,. it is The 
evident that the earth moves round the fun, and ¢arth’s 
not the fun round the earth; for the centrifugal. 4. on. 
law will never allowa great body ta move round rated. 
a {mall one in any -oroit whatever ;. efpecially 
when we find that if a {mall body moves round 
a great one, the great.one mutt alfo move round 
the.common center of gravity between them two. 
And itis well knowa that the quantity of matter 
in the fun is 227000-times as great as the quan- 
fity of matter in the earth. Now, as the fun’s 
MMR OE ONE, _ diftance 


Fig. 12. 
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diftatice from the earth is-at leaft $1,000,000 of 


“miles, Gf we ‘divide that diftance by 227,000, we 


fhall’have only 357 for the number of miles that. 
the’ centér of gravity between the fun andrearth 


is*diftant from the fun’s center. And. asthe 


fulh’s\{emidiameter is }/of a degree, which, at fo. 


’ great 'a diftance as that of the fun, muft:be no: 


lefs'than 381500 miles, if thisobe. divided) by 
3575 the quotient will’ be ro6%%, which fhews. 
that the coninion’cénter of ‘etavity berween the 
fun and’ éarth is withit the body of the fun; 


atid is ofily the 10684 part ‘of his femidiameter 


from-his center toward ‘his furface. © 905 99% 
~All’ elobular bodies, whofe parts cam yield, 
and which do not turn’on’ their axes, ‘muft be: 
perfe& {pheres, becaufe all parts of theirfurfaces’ 
are equally attracted toward their centersy.* Buti 


all fuch globes which do‘ turn’ on theiriaxes wilb 


be oblate fpheroids ; that is,‘ their furfaces will: 
bé higher, or farther'from the center, in the 
equatoreal than in the ‘polar regions. For,: as’ 
the’ equatoreal parts move quickeft, they muft: 
have’ the’ greateft centrifugal force; ‘and will 
therefore’ ‘recede: fartheft from the axis:‘of mo- 
tion. ° Thus, if two’ cifcular-héops 4°B and: » 


CD, made thin and flexible, and crofling one 
“another at right angles, be turned ‘round their 
‘axis E F by meéans‘of the winch m, the wheel z, 
,and pinidr 0, and the’ axis’ be loofe inthe pole 
‘ot interfeGtion e, the middle’ parts 4B) C, D. 


will’ fwelP out’ fo as to ftrike againft the fides of 


the frame at’ F and Gy if'the pole ¢, in finking 


to the pin’ EZ,’ be ‘not’ ftopt’ by it from» finking 
farther : fo'that the whole will appear of an oval 
fioure; thé equatoreal diameter being ‘confide- 
rably longer’ than the polar. That our'earth 1s 
of this figtires is demonttrable from actual mea- 

RST ° furement 
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furement of fome degrees on its furface, which 
are found to be longer in the frigid zones than 
in the torrid: and the difference is found to be 
fuch as proves the earth’s equatoreal diameter 
to be 36 miles longer than its axis.—Seeing then, 


the earth is, higher at the equator than at the 


poles, the fea, which like all other fluids natu- 
rally runs downward (or towards the places 


which are neareft the earth’s center) would run 


towards the polar regions, and leave the equato- 
real parts dry, if the centrifugal force of the 
water, which carried it to thofe parts, and fo 
raifed them, did not detain and keep it from 
running back again towards the poles of the 
earth, 


Deel. lls 
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Y F we confider bodies in motion, and com- 
pare them together, we may do this either 
with refpeét to the quantities of matter they 
contain, or the velocities with which they are 
moved. The heavier any body is, the greater 
is the power required either to move it or to ftop 
its motion: and again, the {wifter it, moves, the 
greater is its force. So that the whole momen- 


The 
founda- 
tion of 


all me- 


chanics. | 


tumor quantity of force of a moving body is the’ 


refult of its quantity of matter multiplied by the 
velocity with which it is moved. And when the 
products arifing from the multiplication of the 
particular quantities of matter in any two bodies 
by their refpective velocities are equal, the mo- 
menta or entire forces are fo too. Thus, fup- 
pofe a body, which we fhall call 4, to weigh 40 
pounds, and to move at the rate of two miles 

: in 


How to 
compute 


_ the power 


of any 
mechani- 
cal en- 

_ gine. 
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jn a minute; and another body, which we fhall 
call B, to weigh only four pounds, and to move 
20 miles in a minute; the entire forces with 
which thefe two bodiés wou!'d ftrike again{t any 
obftacle would be equal to each other, and there- 
fore it would requite qual powers to ftop them. 
For 40 multiplied by 2 gives 80, the force of 
the body 4; and 20 multiplied by 4 gives 80, 
the force of the body 2. | 

Upon this cafy principle depends the whole: 


‘of mechanics: and it holds -univerfally true, 


z 


that when two bodies are fufpended on any 
machine, fo as to aét contrary to each other; if 
the machine be put ifto motion, aid the per- 
pendicular afcent of one body multiplied into 
its weight, be equal to the perpendicular defcent 
of the other body multiplied into its weight; 
thefe bodies, how unequal foever in their weights; 
will balance one another in all fitdations: for, 
as the whole afcent of one is performed in the 
fame time with the whole defcent of the other, 
their refpective velocities mut be directly as the 
{paces they move through, and the excels of 
weight in one body is compenfated by the exceis 
of velocity in the other.—Upon this principie it 
is eafy to compute the power of any mechanical 
engine, whether fimple or compound ; for it is 
but only finding how miuch fwifter the power 
moves than the weight does (#. e. how much far- 
ther in the fame time) and juft fo much is the 
power increafed by the help of the engine. : 
In the theory of this fcience, we fuppofe all 
planes perfectly even, all bodies perfectly {mooth, 
levers to have no weight, cords to be. extremely 
pliable, machines to have no friction; and in 
fhort, all imperfections muft be fet afide “ie 
| the 
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‘te theory be eftablifhed; and then, proper 
‘allowances are to be made. 
The fimple machines, ufually called mechanical The me 
powers, are fix in number, viz. the Jever, the chanic 

wheel and axle, the pulley, the inclined plane, the art 
‘wedge, ‘and the ferew.—They are called mecha. ~~” 
‘nical powers, becaufe they help us mechanically to 
taife weights, move heavy bodies, and overcome 
refiftances, which we could not effect miboet 
them. 
4, A lever is a bar of iron or wood, one part The &: 
of which being fupported by .a prop, all. the ver. 
other parts turn upon that prop as their center 
of motion: and the velocity of every part or 
point is direétly as its diftance from the prop. 
‘Therefore, when the weight to be raifed at one 
end is to the power applied ‘at the other to raife 
it, as the diftance of the power from the prop 
is to the diftance of thé. weight from the prop, 
the power and weight will exactly balance or 
counterpoife each other : and as a common lever’ 
has next, to no friction on its prop, a very 
little additional power will be fufficient to raile 
the weight. 

There are four kinds of levers. i. The 
common fort, where the prop is placed between 
the weight and the power; but much nearer to 
the weight than to the power. 2. When the 
prop is at one end of the lever, the power at the 
other, and the weiglit betweenthem. 3. When 
_ the prop is at one end, the weight at the other, 
and the power applied between them. 4. The 
bended lever, which differs only in form from 
the firft fort, but not in property. Thofe of the 
firft and fecond kind are often ufed in mechani- 


cal engines ; bur there are few inftances 1 in which 


~ the third fort is uted. 
A Come 


50 
"The ba- 
dances 


ate i t 
Pe Of the mechanical Powers. 

_A common balance is by fome reckoned a lever 
of the firft kind; but as both its ends are at 


equal diftances from its center of motion, they 


move with equal velocities; and therefore, as 


- it gives no mechanical advantage, it cannot pro- 


Plate V. 
Fig. 1. . 
The firt. 
kind of 
lever. 


perly be reckoned among the mechanical powers, 
A lever of the firft kind is reprefented by the 
bar 4 BC, fupported by the prop D... Its prin- 
cipal ufe is to loofen large ftones in.the ground, - 
or raife great weights to {mall heights, in order 
to have ropes put under them for raifing. them 
higher by other machines. ‘The parts 4B and 
BC, on different fides of the prop D, are called 
the arms of the lever: the end 4 of the fhorter 
arm 4B being applied to the weight intended 
to be raifed, or to the refiftance to be overcome; 
and the power applied to the end C of the longer 
arm BC. ot 
In making experiments with this machine, the 
fhorter arm 4B muft be as much thicker than 


the longer arm BC, as will be fufficient to ba- 


lance iton the prop. This fuppofed, Jet P re--- 
prefent a power, whofe gravity is equal to r 
ounce, and /7 a weight, whofe gravity is equal 
to 12 ounces. Then, if the power be 12 times 
as far from the prop as the weight is, they will 
exactly counterpoife; and a {mall addition to 
the power P will caufe it to defcend, and raife 
the weight 77; and the velocity with which the 
power defcends will be to the. velocity with 
which the weight rifes, as 12 to 1: that is, . 
directly as their diftances from the prop; and 
confequently, as the fpaces through which they © 
move. Hence, it is plain that a man, who by 
his natural ftrength, without the help of any 
machine, could fupport an hundred weight, will 
by the help of this lever be enabled to fupport 

pie x | twelve 
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twelve hundred. If the weight be lefs, o¢ the 
power greater, the prop may be placed fo much 
farther from the weight; and then it can be 
raifed to a proportionably greater height. For 
univerfally, if the intenfity of the weight mul- 
tiplied into its diftance from the prop be equal 
to the intenfity of the power multiplied into its 


diftance from the prop, the power and weicht. - 


will exaétly balance each other; and-a little ad- 
dition to the power will raife the weight. Thus, 
in the prefent inftance, the weight W is-12 
_ ounces, and its diftance from the prop is 1 inch 
and 12 multiplied by 1 is 12; the power P is 
equal to 1 ounce, and its diftance from the prop 
is 12 inches, which multiplied by 1 is 12 again ; 
_ and therefore there is an equilibrium between 
them. So, if a power equal to 2 ounces be ap- 
plied at the diftance of 6 inches from the prop, 
it will juft balance the weight #; for 6 multi- 
plied by 2 is 12, as before. And a power equal 
to 3 ounces. placed at 4 inches diftance from the 


prop would be the fame; for 3 times 4 is 12: 


and fo on, in proportion. 


bt 


The fiatera or Roman fteelyard is a lever of The feel. 


‘this kind, and is ufed for finding the weights ofvard. 


different bodies by one fingle weight placed at 
different diftances from the prop or center of 
motion D. For, if a fcale hangs at 4, the ex- 
tremity of the fhorter arm 4B, and is of fuch a 
weight as will exaétly counterpoife- the longer 
arm BC; if this arm be divided into as many 
- equal parts as it will contain, each equal to 1B, 
the fingle weight.P (which we may fuppofe to 
_ be r pound) will ferve for weighing any thing 
as heavy as itfelf, or as many times heavier as 
there are divifions in the arm BC, or any quan- 
‘fity between its own weight and that quantity. 


As: 
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As for example, if P be 1 pound, and placed — 
at the firft divifion 1 in the arm, BC, it will 
balance 1 pound in the fcale at /: if it be re- 
‘moved to the fecond divifion at 2, it will ba- 
_ lance 2 pounds in the feale: if to the third, 3 
pounds; and fo on to the end of the arm BC, 
‘If each of thefe integral divifions be fubdivided 
into. as many equal parts as a pound contains 
ounces, and the weight P be placed at any of 
thefe fubdivifions, fo as to counterpoife what is 
in the fcale, the pounds and odd ounces therein 
are by that means afcertained. , 
_. To this kind of lever may be reduced feveral 
forts of inftruments, fuch as fciffars, pinchers, 
fnuffers; which are made of two levers acting 
contrary to one another: their prop or center of 
motion being the pin which keeps them toge- ~ 
ther. ° oH | 
In common practice, the longer arm of this 
lever greatly exceeds the weight of the fhorter.; 
which gains great advantage, becaufe it adds fo... 
much to the power. ? 
The f- A lever of the fecond kind has the weight - 
condkind between the prop and the power. — In this, as 
of lever. ie . ai 
well as the former, the advantage gained is as 
the diftance of the power from the prop to the 
' diftance of the weight from the prop :. for, the 
refpective velocities of the power and weight are 
-in that proportion; and: they will balance each 
other when, the intenfity of the power multi- 
plied by its diftance from the prop is equal to 
the intenfity of the weight multiplied by its dif- 
Fig. 2. tance from the prop. Thus, if 4B bea lever 
~ on which the weight 7 of 6 ounces hangs at the 
diftance of 1 inch from the prop G, and a power 
P equal to the weight of 1 ounce hangs at the _ 
end B, 6 inches from the. prop, by the cord 
I 
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CD going over the fixed pulley’ Z, the power 


_-bear unequal fhares of the burden in the in-— 


will juft fupport the weight: and a fmall ad- 
dition to the power will rai the weight, 1 inch 
for every 6 inches that the power defcends. 
This lever thews the reafon why. two men 
carrying a burden upon a ftick between them, 


_ verfe proportion of their diftances from it. For 


_ other at P, having the pole or ftick 4B refting 
on their fhoulders; if the burden or weight W ~ 
be placed five times as near the man at G, as it~ 


it is well known, that the nearer any of them is 
to the burden, the greater fhare he bears of it: 
and if he goes directly under it, he bears 
the whole. So, if one man be at G, and the 


is to the man at P, the former will bear five 
times as much weight as the latter. This is 
likewife applicable to the cafe of two horfes of 
unequal {trength, to be fo yoked, as that each 
horfe may draw a part proportionable to his 
ftrength ; which is done by fo dividing the beam 
‘they pull, that the point of traction may be as 


much nearer to the ftronger horfe than to the i 


weaker, as the ftrength of the former exceeds 


that of the latter. 


Yo this kind of lever may be reduced oars, ' 


tudders of fhips, doors turning upon hinges, 


cutting-knives which are fixed at the point of 
the blade, and the like. 


If in this lever we fuppofe the power and Tuethied 
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weight to change places, fo that the power may kind of. 


be between the weight and the prop, it will be- lever. 
come alever of the third kind: in which, that. 


there may be a balance between the power and 
the weight, the intenfity of the power muft ex- 
ceed the intenfity of the weight, juft_ as much 
a the diftance of the weight from the prop ex- 
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ceeds the diftance of the power from it. Thus, 


let E be the prop of the lever 4B, and W a ~ 
weight of 1 pound, placed 3 times as far from | 


the prop, as the power P atts at FP, by the 
cord C going over the fixed pulley D; in this 


cafe, the power muft be equal to three pounds, ~ 
jn order to fupport the weight. 


To this fort of lever are generally referred 


the bones of a man’s arm: for when we lifta — 


weight by the hand, the mufcle that exerts its 
force to raife that weight, is fixed to the bone 


about one tenth part as far below the elbow as — 


the hand is. And the elbow being the center — 


round which the lower part of the arm turns, 


the mufcle muft therefore exert a force ten times — 


as great as the weight that is raifed. | 
As this kind of lever is a difadvantage to the 


eo, 
ur 


moving power, it is never ufed but in cafes of | 


neceflity ; fuch as that of a ladder, which being 
fixed at one end, is by the ftrength of a man’s” 


arms reared againft a wall. And in clock-work, 


where all the wheels may be reckoned levers of i 


this kind, becaufe the power that moves every 


wheel, except the firft, acts upon it near. the 
center of motion by means of a fmall pinion, 
and the refiftance it has to overcome, acts againft © 


the teeth round its circumference. | 


The fourth kind of lever differs nothing from 


the firft, but in being bended for the fake of | 
convenience. 4C B isa lever of this fort, bended - 
at C, which is its prop, or center of motion. 


F, by means of the cord DE going over the 


pulley G; and W is a weight or refiftance acting: — 


upon the end B of the fhorter arm BC. If the, 
power be to the weight, as CB isto CF, they” 


are in equilibrio. Thus, fuppofe W to be 5 


pounds — 


ee 


‘By 4* P is a power acting upon the longer arm AC at : 
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_ pounds aéting at the diftance of one foot from 
the center of motion C, and P to be yx pound 
acting at F, five feet from the center C, the 
power and weight will juft balance each other. 

A hammer drawing a nail is a lever of this 
fort. 

2. The fecond mechanical power is the wheel The 
and axle, in which the power is applied to the wel and 
circumference’ of the wheel, and the weight is **” ! 
raifed by a rope which coils about the axle as the 
wheel is turned round. Here it is plain that 
_ the velocity of the power muft be to the velocity 
of the weight, as the circumference of the wheel 
_ is to the circumference of the axle: and confe- 
quently, the power and weight will balance each 
other, when the intenfity of the power is to the 
intenfity of the weight, as the circumference of - 
the axle is to the circumference of the wheel. 
Let 4B beawheel, CD its axle, and fuppofe Fig. «. 
the circumference of the wheel to be 8 times as 
great as the circumference of the axle; then, a 
power P equal to 1 pound hanging by the cord 
1, which goes round the wheel, will balance a 
weight VY of 8 pounds hanging by the rope K, 
which goes round the axle. And as the fric- 
tion on the pivots or gudgeons of the axle is 
but fmall, a {mall addition to the power will 
caufe it to defcend, and raife the weight: but 
the weight will rife with only an eighth part of 
the velocity wherewith the power defcends, and 
confequently, through no more than an eighth 
part of an equal fpace, in the fame time. If the 
wheel be pulled round by the handles S, S, the 
power will be increafed in proportion to their 
length. And by this means, any weight may 
be raifed as hich as the operator pleafes. 
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To this fort of engine belong all cranes for 


failing great weights; and in this cafe, the | 


wheel may have cogs all round it inftead of han- 
dles, and a fmall lantern or trundle may be made 


 to’work in the cogs, and be turned by a winch; 


which will make the power of the engine to ex- 


ceed the power of the man who works it, as 


much as the number of revolutions of the winch 
exceed thafe of the axle D, when multiplied 
by the excefs of the length of the winch above 
the length of the femidiameter of the axle, 
added to the femidiameter or half thicknefs of 
the rope K, by which the weight is drawn up.— 
Thus, fuppefe the diameter of the rope and 
axle taken tcgether, to be 13 inches, and confe- 
quently, half their diameters to be 6 4 inches; fo 


that the weight 7 will hang at 6 inches per- 


pendicular diftance from below the center of 
the axle. . Now, let us fuppofe the wheel 4 2, 
which is fixt on the axle, to have 80 cogs, and 
to be turned by means of a winch fix inches 


‘long, fixt on the axis of a trundle of 8 ftaves or 


rounds, working in the cogs of the wheel.— 
Here it is plain, that the winch and_ trundle 
would make 10 revolutions for one of the wheel 
AR, and its axis D, on which the rope K winds 
in raifing the weight #; and the winch being 
no longer than the fum of the femidiameters of 


the great axle and rope, the trundle could have 


10 more power on the wheel, than a man could 
have by pulling it round by the edge, becaufe 
the winch would have no greater velocity than 


the edge of the wheel has, which we here fup-. 
pole to be ten times as great as the velocity of -— 


the rifine weight: fo that, in this cafe, the 


power gained would be as 10 to 1. But if the 


length of the winch be 12 inches, the power 
: 7 gained 


\ 
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gained will be as 20 to r: if 18 inches (which 
is long enough for any man to work by) the 
power gained would be as 30 toy; that is, a 
man could ‘raife 30 times as much by fuch an 
engine, as he could do by his natural ftrength 
without it, becaufe the velocity of the handle of 
the winch would be 30 times as great as the ve- 
locity of the rifing weight; the abfolute force 
of any engine being in proportion of the velocity 
of the power to the velocity of the weight raifed 
by it.—But then, juft as much power or advan- 
tage as is gained by the engine, fo much time is 
Joit in working it. In this fort of machines it is 
requifite to have a ratchet-wheel G on one end 
- of the axle, with a catch 7 to fall into its teeth; 
which will at any time fupport the weight, and 
keep it from defcending, if the workman fhould, 
through inadvertency or carelefinefs, quit his hold 
whilft the weight is raifing. And by this means, 
the danger is prevented which might otherwife 
happen by the running down of the weight 
when left at liberty. 


3. The third mechanical power or engine con- 74, 


_ fifts either of one moveable pulley, or a fyftem of iy. 


pulleys; fome in a block or cafe which is fixed, 
and others in a block which is moveable, and 
rifes with the weight. For though a fingle 
pulley that only turns on its axis, and moves not 
out of its place, may ferve to change the di- 
rection of the power, yet it can give no mecha- 
nical advantage thereto; but is only as the beam 
of a balance, whofe arms are of equal length and 


weight. Thus, if the equal weights W and P pig, 6 


hang by the cord BB upon the pulley 4, whofe 
Block 4 is fixed to the beam 7 J, they will coun- 
terpoife each other, juft in the fame manner as 
if the cord were cut in the middle, and its. two 

x Poa =F oie ea ends 


ap 


pul- 
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ends hung upon the hooks fixt in the pulley at 
A and A, equally diftant from its center. 
But if a weight W hangs at the lower end of 


the moveable block p of the pulley D, and the 
cord GF goes under that pulley, it is plain that- 


the half G of the cord bears one half of the 
weight W, and the half # the other, for they 


bear the whole between them. ‘Therefore, — 


whatever holds the upper end of either rope, 
foftains one half of the weight: and if the cord 
at F be drawn up fo as to raife the pulley D to C, 
the cord will then be extended to ‘its whole 
length, all but that part which goes under the 
pulley: and confequently, the power that draws 
the cord will have moved twice as far as the 
pulley D with its weight W rifes; on which 
account, a power whofe intenfity 1s equal to one 
half of the weight will be able to fupport ir, 

ecaufe if the power moves (by means of a {mall 
addition) its velocity will be double the velocity 
of the weight; as may be feen by putting the 
cord over the fixt pulley C (which only changes 
the direGtion of the power, without giving any 
advantage to it) and hanging on the weight P, 


which is equal only to one half of the weight W ; : 


in which cafe there will be an equilibrium, and a 
little addition to P will caufe it to defcend, and 
raife 7 through a {pace equal to one half of that 
through which P defcends.—Hence, the advan- 


tage gained will be always equal to twice the 
number of pulleys in the moveable or undermoft | 
lock. So that, when the upper or fixt block 


# contains two pulleys, which only turn on their 


axes, and the lower or moveable block U con- © 
tains two pulleys, which not only turn upon their 
axes, but alfo rife with the block and weight ; — 
the advantage gained by this is as 4 to the © 
Satin eT working 


“2 oe 


Bs 
vine 
eM 
# 
che 
ai 
* 


_PLATE VI. 


ST LTT Me ‘4 aa 
Bec HM : 


ange? 


0 Soa a iy 


teaey 
Be wi 
maui ® yttne 


eee a ee Z 


Of the mechanical Powers. 
_ working power. ‘Thus, if one end of the rope 
K MO Q.be fixed to a hook at J, and the rope 
paffes over the pulleys NV and R, and under the 
pulleys Z and P, and has a weight 7, of one 
pound, hung to its other end at 7, this weight 
will balance and fupport a weight W of four 
pounds hanging by a hook: at the moveable 


block U, allowing the faid block as a part of the. 
weight. And if as much more power be added, 


as is fufficient to overcome the friction of the 
pulleys, the power will defcend with four times 
as much velocity as the weight rifes, and confe- 
quently through four times as much fpace. 


The two pulleys in the fixed block X, and 
the two in the moveable. block 7, are in the. 


fame cafe with thofe laft mentioned ; and thofe 
in the lower block give the fame advantage to 
the power. | | 

_ As a fyftem of pulleys has no great weight, 
and lies in a {mall compafs, it is eafily .carried 
about; and can be applied, in a great many. 
cafes, for raifing weights, where other engines 
cannot. But they have a creat deal of friction 
-on three accounts: 1. Becaufe the diameters of 
their axes bear a very confiderable proportion to 
their own diameters; 2. Becaufe in working 
they are apt to rub againft one another, or againit 
the fides of the block ; 3. Becaufe of the ftiffnefs 
of the rope that goes over and under. them. 


_. 4. The fourth: mechanical power is the z#-'The ia © 
clined plane; and the advantage gained by it is</#e¢ 
as great as its length exceeds its perpendicular?” 


ae 


height. Let 4B be a plane parallel to the hori- plate VI. 


- gon, and C Daplane inclined to it; and fuppofe Fig. 1. 


the whole length C D to be three times as great 
as the perpendicular height Gf F: in this cafe, 
the cylinder £ will be fupported upon the plane 


tly J 


Fig. 4. 
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CD, and kept from rolling down upon it, by_ 
a power equal toa third part of the weight of 
the cylinder. Therefore, a weight may be rolled 


. up this. inclined plane with a third part of the 


power which would be fufficient to draw it up by 


_ the fide of an upright wall. If the plane was 
' four times as long as high, a fourth part of the 


power would be fufficient; and fo on, in pro: 
portion. Or, if a pillar was to be raifed from a 
floor to the height G F, by means of the machine 
4B DC, (which would then act as a half wedge, 
where the refiftance gives way only on one fide) 
the machine and pillar would be in equilibrio when 
the power applied at G F was to the weight of 
the pillar, as GF to CD; and if the power be 
increafed, fo as to overcome the friction of the 
machine againtft the floor and pillar, the machine 
will be driven, and the pillar raifed: ‘and when 
the machine has moved its whole length upon 
the floor, the pillar will be raifed to the whole. 
height from G to F. : 

The force wherewith a rolling body defcends 
upon an inclined plane, is to the force of its ab- 
folute gravity, by which it would defcend per- 
pendicularly in a free fpace, as the height of 
the plane is to its length. For, fuppofe the plane 
A B to be parallel to the horizon, the cylinder C 
will keep at reft upon any part of the plane 
where it is laid. If the plane be fo elevated,’ 
that its perpendicular height D is equal to half 
its length 4 B, thé cylinder will roll down upon 
the plane with a force equal to half its weight ; 
for it would require a power (acting in the di- ~ 
rection of 4 B) equal to half its weight, to keep” 
it from rolling. If the plane 4B be elevated, 
fo as to be perpendicular ta the horizon, the cy- 
linder C will defcend with its whole force of 

Te th ea p | bo eter oravity, 
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_ gravity, becaufe the plane contributes nothing 
to its fupport or hindrance; and therefore, it 
_ would require a power equal to its whole weight 
to keep it-from defcending, | 
Let the cylinder C be made to turn upon Fig. 

flender pivots in the frame D, in which there is 
_ a hook e, witha line G tied to it: let this line go 

» over the fixed pulley AH, and have its other end — 
tied to the hook in the weight 1. If the weight 
of the body J, be to the weight of the cylinder 
C, added to that of its frame D, as the perpen- 
dicular height of the plane LZ AZ is to its length 
AB, the weight will juft fupport the cylinder 
upon the plane, and a {mall touch of a-finger 
will either caufe it to afcend or defcend with 
equal eafe: then, ‘if a little addition be made to: 
the weight J, it will defcend, and draw the cylin- 
der up the plane. Jn the time that the cylinder 
moves from 4 to B, it will rife through the 
whole height of the plane ACL; and the weight 
will defcend from H to K, through a {pace equal 

to.the whole length of the plane 4B. fo 
_ If the machine be made to move upon rollers 
or fri€tion-wheels, and the cylinder be fupported 
upon the plane CB by a line G parallel to the 
plane, a power fomewhat lefs than that which 
drew the cylinder up the plane will draw the 
plane under the cylinder, provided the pivots of 
the axes of the friction-wheels be fmall, and the 
wheels themielves be pretty large. For, let the | 
machine 48C (equal in length and height to Fig. 6. 
AB iM, Fig. 5.) move upon four wheels, 
whereof two appear at Dand E, and the third 
under C, whilft the fourth is hid from fight by 

the horizontal board. Let the cylinder F be 
laid upen the lower end of the inclined plane 
_C By, and the line G be extended from the frame 
of the cylinder, about. fix. feet parallel to the 

a0. | plane 
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plane CB; and, in that direétion, fixed to a hook 

in the wall; which will fupport the cylinder, and 
keep it. from rolling of the plane. Let one end 
of the line H be tied to a hook at C in the ma- 
chine, and the other end to a weight K, fome- 
what lefs than that which drew the cylinder up 
the plane before. If this line be put over the 


_ fixed pulley. J, the weight K will draw the ma- 
chine along the horizontal piane Z, and under 


the cylinder fF; and when the machine has been 
drawn a little more than the whole length C B, the 
the cylinder will be raifed to d, equal to the per- 
pendicular height 4 B above the horizontal part 
at 4. .The reafon why the machine muft be 
drawn further than the whole length C Bis, be- 
caufe the weight F rifes perpendicular to C B. 

To the inclined plane may be reduced all 
hatchets, chifels, and other edge-tools which 
are chamfered only on one fide. 


5. The fifth mechanical power or machine is 


the wedge, which may be confidered as two 
equally inclined planes DEF and C E F, joined 
together at their bafese FO; then DC is the 
whole thicknefs of the wedge at its back ABCD, 
where the power is applied: # F is the depth or 
heighth of the wedge’: DF the length of one of 
its fides, equal to C F the length of the other 
fide; and O F is its fharp edge, which isentered - 
into the wood intended to be fplit by the force 
of a hammer or mallet ftriking perpendicularly 
on its back. Thus, 484 is a wedge driven. 
into the cleft C D E of the wood FG. 

When the wood does not cleave at any difs 
tance before the wedge, there will be an equi- 
librium between the power impelling the wedge 
downward, and .the refiftance of the wood act- 


ing againft the two fides of the wedge when the 


power is to the refiftance, as half the id: 
| of 


~ 
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of the wedge at its back is to the lencth of either 
‘of its fides ; becaufe the refiftance then atts per- 
pendicular to the fides of the wedge. But, when 
the refiftance on each fide acts parallel to the 
back, the power that balances the refiftances on 
both fides will be as the length of the whole 
back of the wedge is to double its perpendicu- 
lar height. | 


When the wood cleaves at any diftance before" 


the wedge (as it generally does) the power im- 
‘pelling the wedge will not be to the refiftance of 
‘the wood, as the length of the back of the wedge 
ds to the length of both its fides; but as half 
the léneth of the back is to the length of either 
fide of the cleft, eftimated from the top or acting. 
part of the wedge. For, if we fuppofe the wedge 
to be lengthened down from 4 to the bottom of 
the cleft at #, the fame proportion will hold ; 
namely, that the power will be to the refiftance, 
as half the length of the back of the wedge is to 


the length of either of its fides: or, which — 
‘amounts to the fame thing, as the whole length 


_of the back is to the length of both the fides. 
In order to prove what is here advanced coa- 
cerning the wedge, let us fuppofe the wedge to 
be divided lengthwife into two equal parts; and 
then it will become two equal inclined planes ; 


one of which, as ac, may be made ufe of as a Fig. 7 


half wedge for feparating the moulding ¢d from 
the wainfcot 4B. It is evident, that when this 
half wedge has been driven its whole length a¢ 
between the wainfcot and moulding, its fide ac 
will be ated; and the moulding will be fepa- 
rated to f¢ from the wainfcot. Now, from what 
has been already proved of the inclined plane, it 
appears, that to have an equilibrium between the 
power impelling the half wedge, and the refift- 
ance of the moulding, the former muft be to the 

ae latter, 


64 


Of the mechanical Powers: 


latter, as a2 to ac; that is, as the thicknefs of the 
back which receives the ftroke is to thé length 
of the fide againft which the moulding acts. 
Therefore, fince the power upon the half wedge 
is to the refiftance againft its fide, as the half 


back a is tothe whole fide ac, it is plain, that 


the power upon which the whole wedge (where 


the whole back is double the half back) muft be — 
to the refiftance againft both its fides, as the 


thicknefs of the whole back is to the length of 
both the fides ; fuppofing the wedge at the bot- 
tom of the cleft: or asthe thicknefs of the whole 
back to the length of both: fides of the cleft, 
when the wood fplits at any diftance before the 


wedge. For, when the wedge is driven quite 


into the wood, and the wood fplits at ever fo 
{mall a diftance before its edge, the top of the 
wedge then becomes the acting part, becaufe the 
wood does not touch it any where elfe. And 
fince the bottom of the cleft muft be confidered 


as that part where the whole ftickage or refiftance 

is accumulated, it is plain, ftom the nature of | 
the lever, that the farther the power aéts from 
the refiftance, the greater is the advantage, 


Some writers have advanced, that the power 
of the wedge is to the refiftance to be overcome, 
as the thicknefs of the back of the wedge is to 
the length only of one of its fides; which feems 


very ftrange: for, if we fuppofe 4B to bea 
- {trong inflexible bar of wood or iron fixt into the © 


eround at CB, and D and.£ to be two blocks of 
marble lying on the ground on oppofite fides of 
the bar; it is evident that the block D may be 
feparated from the bar to the diftance d, equal to 


4; by driving the inclined plane or half wedge 


abo down between them; and the block E may 
be feparated to an equal diftance on the other 
fide, in like manner, by the half wedge cde. 


But 


ai 
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But the power impelling each half wedge will be 
to the refiftance of the block againft its fide, as 
the thicknefs of that half wedge is to its perpen- 
dicular height, becaufe the block will be driven 
off perpendicular to the fide of the bar 4 B. 
Therefore the power to drive both the half 
wedges is to both the refiftances, as both the 
half backs is to the perpendicular height of each 
half wedge. Andif the bar be taken away, the 
blocks put clofe together, and the two half 
_ wedgés joined to make one; it will require as 
much force to drive it down between the blocks, 
as is equal to the fum of the feparate powers 
acting upon the half wedges when the bar was 
between them. 
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To confirm this. by an experiment, let two Fig. 11. 


cylinders, as 7B and CD, be drawn towards one 
another by lines running over fixed pulleys, and 
a weight of 40 ounces hanging at the lines be- 
longing to each cylinder: and let a wedge of 
40.0unces weight, having its back juft as thick as 
either of its fides is long, be put between the 
cylinders, which will. then act againft each fide 
with a refiftance equal to 40 ounces, whilft its 
own weight endeavours to bring it down and 
feparate them. . And here, the power of the 
wedge’s gravity impelling it downward, will be 
to the refiftance of both the cylinders againft the 
wedge, as the thicknefs of the wedge is to double 
its perpendicular height ;. for there will then be 
an.equilibrium between the weight of the wedge 
and the refiftance of the cylinders acainft it, and 
It will remain at any height between them; re- 
quiring juft.a2s much power to pufh it upward 
as to pull it downward.—If another wedge of 
equal weight and depth with this, and only half 
as thick, be put between the cylinders, it will 


ends 


require twice as much weight to be hung at the 
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ends of the lines which draw them together, to 
keep the wedge from going down between them. 
That is, a wedge of 40 ounces, whofe back is | 
only equal to half its perpendicular height, will 
require 80 ounces to each cylinder, to keep it in 
an equilibrium between them: and twice 80 is 
160, equal to four times 40. Sothat the power — 


will be always to the refiftance, as the thicknefs 


of the back of the wedge is to twice its perpen- 
dicular height, when the cylinders move off in 
a line at right angles to that perpendicular. 
_ The beft way, though perhaps not the neateft, 
that I know of, for making a wedge with its 
appurtenances for fuch experiments, is as fol- — 
lows. Let [KLM and LMNO be two flat 
pieces of wood, each about fifteen inches long 
and three or four in breadth, joined together by 
a hinge at LM; and let P be a graduated arch 
of brafs, on which the faid pieces of wood may 
be opened to any angle not more than 60 degrees, — 
and then fixt at the given angle by means of 
the two fcrews ¢ and’. Then, 1K NO will 
reprefent the back of the wedge, Z M its fharp 
edge which enters the wood, and the outfides of 
the pieces JKL Mand L MNO the two fides of 
the wedge againft which the wood acts in cleav- — 
ing. By means of the faid arch, the wedge may 
be opened fo, as to adjuft the thicknefs of its 
back in any proportion to the length of either of 
its fides, but not to exceed that length: and any 
weight as p may be hung to the wedge upon the 
hook M, which weight, together with the weight 
of the wedge itfelf, may be confidered as the — 
impelling power ; which is all the fame in the ex- 
periment, whether it be laid upon the back of 
the wedge, to pufh it down, or hung to its edge to 
pull it down.—Let 4B and C D betwo wooden 
cylinders, each about two inches thick, pers . 
they — 


. 
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they touch the outfides of the wedge; ahd Jet 


their ends be made like two round fiat plates, td 
keep the wedge from flipping off edgéwife from 
between them. Let a {mall cord witha loop on 
one end of it, go over a pivot in the end of each 
cylinder, and the cords S and 7 belonging to the 
cylinder 4 B go over the fixt pulleys Wand X, and 
be faftened at their other ends to the bar wx, om __ 
which any weight as Z may be hung at pleafure. 
Inlike manner, let the, cords 2 and R belonging 
tothe cylinder BC go over the fixt pulleysV andU 
to the bar vw, on which a weight Yequalto Z may. 
be hung. Thefe weights, by drawing the cylin 
ders towards one another, may be confidered as 


‘the refiftance of the wood ading equally againft 


oppofite fides of the wedges the cylindersthem: 


felves being fufpended near, and parallel to each 


other, by their pivots in loops on the: lines . 
#,F,G,;H ;. which lines may be fixed. ro hooks in 
the ceiling of the room. » ‘The longer thefe lines 
are, the better ; and they fhould never be lefs than 


four feet. each. The farther alfo the pulleys 


VU and: X,W are from the cylinders, -thestruer 
will the experiments be: and, they) may turn - 
upon pins fixed into the wall. ©. > os 

In thismachine, the weights 2 and 2; and the 
weight p, may be varied at pleafure, fo as.to bé 
adjufted in proportion of double the wedge’s per- 


-pendicular height to the thicknefs of its back : 


and when they are fo adjufted, the wedge will be 

in equilibrio with the refittance of the cylinders. 
The wedge is a very great. mechanical, power, 

fince not only wood but even rocks can be fplit 


by its which would be impoffible to effect by the 


lever, wheel and axle, or pulley: for the force 


‘of the blow, or ftroke, fhakes the cohering parts, 
and thereby makes them feparate the more eafily. 


i 6. ‘Fhe 
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6. The fixth and laft mechanical power is the 
ferew which cannot properly be called a fimple 
machine, becaufe it is never ufed without the 
application of a lever or winch to affift in turn- 


‘Ing it: and then it becomes a compound engine 


of a very great force either in prefling the parts 
of bodies clofe together, or in raifing great 
weights. It may be conceived to be made by 
cutting a piece of paper 4BC (Fig. 12.) into 
the form of an inclined plane or half wedge, and 
then wrapping it round a cylinder 4B (Fig. 13). 
And here it is evident, that the winch £ 
muft turn the cylinder once round before the 


weight of refiftance D can be moved from one aq 


fpiral winding to another, as from d to c: there- 
fore, as much as the circumference of a circle 
defcribed by the handle of the winch is greater 
than the interval or diftance between the fpirals, fo 
much is the force of the ferew. Thus, fuppofing 
the diftance between the fpirals to be half an inch, 
and the length of the winch to be twelve inches ; 
the circle defcribed by,the handle of the winch 
where the power acts will be 76 inches nearly, or 
about 152 half inches, and confequently 152 times 
as great as the diftance between the f{pirals: and © 
therefore a power at the handle, whofe intenfity 
is equal to no more than a fingle pound, will ba- . 
lance 152 pounds acting againtt the {crew ; and 
as much additional force, as is fufficient to over- 
come the friction, willraife the 152 pounds; and 
the velocity of the power will be to the velocity 
ef the weight, as 152 to 1. Hence it appears, 
that the longer the winch be made, and the nearer 
the fpirals are to one another, fo much the — 

oreater is the force of the icrew. 
A machine for fhewing the force or power of 
the fcrew may be contrived in the following 
| manner. | 
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manner, Let. the wheel C have a fcrew a2 on 
its axis, working in the teeth of the wheel D, 
which fuppofe to be 48 in number. It is plain, 
that for every time the wheel C and {crew a are 
turned round ‘by the winch 4 the wheel D will 
be moved one tooth by the fcrew; and there- 
fore, in 48 revolutions of the winch, the wheel 
D will;be turned once round. Then, if the cir- - 
cumference of a circle defcribed by the handle of 
the winch 4 be equal to the circumference of a 
eroove ¢ round the wheel D, the veiocity of the 
handle will be 48 times as great as the velocity 
of any given point in the groove. Confequently, 
if a line G (above number 48) goes round the — 
groove é, and has a weight of 48 pounds hung © 
to it below the pedeftal E F, a power equal to 
one pound at the handle will balance and fuppore 
the weight.—To prove this by experiment, let 
the circumferences of the grooves of the wheels 
G and D be equal to one another; and then if 
a weight # of one pound be fufpended by a line 
going round the groove of the wheel C, it will 
balance a weight of 48 pounds hanging by the 
line G; and a fmall addition to the weight H 
will caufe it to defcend, and fo raife up the other 
weight. | 

If the line G, inflead of going round the 
groove e of the wheel D, gces round its axle J; 
the power of the machine will be as much in- 
creafed,as the circumference of the groove é 
exceeds the circumference of the axle: which, 
fuppofing it to be fix times, then one pound at 
Hf will balance 6 times 48, or 288 pounds hung 
to the line on the axle: and hence the power or 
advantage of this machine will be as 258 to 1. 
That is to fay, a man, who by his natural 
ftrength could lift an hundred weighe, will be 
: | F 2 » able 


Fig. 14, 
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able to raife 288 hundred, or 14.°5 ton weight 
by this engine. : ee 
“But the following engine is ftill more power- 
ful, on account of its having the addition of 
four pulleys: and in it we may look upon all. 
the mechanical powers as combined together, 
. "even if we take in the balance. — For as the axis 
Plate VII. 2 of the bar 4 B is in its middle at C, it is plain | 
Fig. 1. that if equal weights are fufpended upon any two 
A combi pins equi-diftant from the axis C, they will coun- 
nation of terpoife each other.—It becomes a lever by 
allthe hanging a fmall' weight P upon the pin #, and a 
mecia- ai ; : pny 
‘nical «= Weight as much heavier upon either of the pins 
powers. 8, ¢, d, e, or f, as is in proportion to the pins be-— 
ing fo much nearer the axis. ‘The wheel and 
axle FG is evident; fo is the ferew-£ which 
takes in the inclined plane, and with it the half 
wedge. | Part of a cord goes round the axle, the 
reft under the lower pulleys K, m, over the upper 
pulleys Z, 7, and then it is tied to a hook at m ~ 
in the lower or moveable block, on which hangs 
the weight YW. pa 
In this machine, if the wheel F has go teeth, 
it will be turned once round in thirty" revo- 
lutions of the bar 7B, which is ‘fixt on the 
axis D of the fcrew E: if the length of the! bar - 
is equal to twice the diameter of the wheel, the 
pins a and 7 at the ends of the bar will move 60 ~ 
. times as faft as the teeth of the wheel do: and 
confequently, one ounce at P will balance 60. 
ounces hung upon a tooth at g in the horizontal 
diameter of the wheel. Then, if the diameter of 
the wheel F is 10 times as great as the diameter — 
of the axle G, the wheel will have ro times the 
velocity of the axle; and therefore one ounce P 
at the end of the lever #C will balance ro times 
60 or 600 ounces hung to the rope H which goes — 
7 | round 
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round the axle. Laftly, if four pulleys be added, 


they will make the velocity of the lower block 
K, and weight //, four times lefs than the velo- 
city of the axle: and this being the lait power 
in the machine, which is- four times as great as 
that gained. by the axle, it makes the whole 
power of the machine 4 times 600, or 2400, 


So that a man who could lift one hundred weight. 


in his arms by his natural ftrength, would “be 


able to raife 2400 times as much by this er- — 


gine.—But it is here as in all other mechanical 
cafes ; for the time loft is always as much as the 
power gained, becaufe the velocity with which 


the power moves will ever exceed the velocity. 


* with which the weight rifes, as much as.the in- 


tenfity of the weight exceeds the intenfity. of the 


power. 


The frition of the {crew itfelf is very confi-. 
derable ; ; and there are few compound en- 


gines, but what, upon account of the friction of 


the parts aeain{t one another, will require 4 third: 
part more ‘of power to work them when loaded, 
than what is fufficient to conftitute a bflaiee 


between the weight and the power, 


Sethe aeelige N Bth es A dso 
Of mills, cranes, wheel- carriages, and the engine 


for pets piles. 


AS thefe engines are fo univerfally , ufeful; 
~ it would be ridiculous to make any apo- 
logy for defcribing them. - | 
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Th a common “br eaft- mill, where the fall of Plate VIE. 
water may be about ten feet, ‘AA is the great pip. 2. 
wheel, which is generally about 17 or 18 feet in he cots: 
| Zo diameter, man mili. 
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diameter, reckoned from the outermoft edge of 
any float-board at @ to that of its oppofite float at 
b. To this wheel the water is conveyed through 
a channel, and by falling upon the wheel, turns 
it round. 

On the axis B B of this. wheel, and wiehie the 


mill houfe, is a whee] D, about 8 or g feet dia- 
meter, having 61 cogs, which turn a trundle £ 


containing ten upright ftaves or rounds; and 
when thefe are the number of cogs and rounds, 
the trundle will make 6,4 revolutions for one 
revolution of the wheel. 

The trundle is fixt upon a ftrong iron axis 
called the fpindle, the lower end of which turns in 


' abrafs foot, fixt at F, in the horizontal beam § 34 


called the bridge-tree ; and the upper | part of the 
fpindle turns ina wooden bufh fixt into the nether 
millftone which lies upon beams in the floor 77. 
The top part of the fpindle above the buhh is 


-{quare, and goes into a fquare hole ina ftrong iron 


crofs abcd, “(fee Fig. 3.) called the rynd; under 
which, and clofe to the buth, is a round piece of 
thick leather upon the fpindle, which it turns 
round at the fame time as it does the rynd. 

The rynd is let into grooves in the under fur- 
face of the running millftone G (Fig. 2.) and fo 
turns it round in the fame time that the trundle £ 
is turned round by the cog-wheel D. This mill- 
{tone has a large hole quite through its middle, 
called the eye “of the ftone, through which the 
middle part of the rynd and upper end of the 
fpindle may be feen; whilft the four ends of the 
rynd lie hid below the ftone in their grooves. 

The end @ of the bridge-tree ZS (which fup- _ 

orts the upper millftone G upon the fpindle) is 


| eeu. into a hole in the wall; and the end Sis let _ 


into a beam Q R called the brayer, whofe end R 


remains 
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remains fixt in a mortife: and its other end Q 
hangs by aftrong iron rod P which goes through 
the floor 2.7, and has a fcrew-nut on its top at 
O; by the turning of which nut, the end 9 of 
the brayer is raifed or deprefied at pleafure; and 
confequently the bridge-tree J S and upper mill- 


ftone. By this means, the upper millftone may « 


be fet as clofe to the under one, or raifed as high 


from ir, as the miller pleafes. The nearer the - 


millftones are to one another, the finer they grind 
the corn, and the more remote from one another, 
the coarfer. tee 

_ The upper millftone G is inclofed in a round 
box H, which does not touch it any where; and 
is about an inch diftant from its edge all around. 
On the top of this box ftands a frame for hold- 
ing the hopper &&, to which is hung the fhoe £ 
by two lines faftened to the hind-part of it, fixed 
upon hooks in the hopper, and by one end of 
the crook-ftring K faftened to the fore-part of it 
ati; the other end being twifted round the pin LZ. 
As the pin is turned one way, the firing draws 
up the fhoe clofer to the hopper, ‘and fo leffens 
the aperture between them, and as the pin is 
turned the other way, it lets down the fhoe, and 
enlarges the aperture. | | 

‘If the fhoe be drawn up quite to the hopper, 
no corn can fall from the hopper into the mill; 
if it be let a little down, fome will fall: and the 
quantity will be more or lefs, according as the 
fhoe is more or lefs let down. For the hopper is 
_ open at bottom, and there is a hole in the bottom 
_ of the fhoe, not dire€tly under the bottom of the 
hopper, but forwarder towards the end i, over 
the middle of the eye of the millftone. 
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There is a fquare hole in the top of the fpindle, Fig. 3. 


‘in which is put the feeder e: this feeder (as the 
Fo4 . ~ fpindle 
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{pindle turns round) jogs the fhoe three times in 
each revolution, and i/o caufes the corn to run 


conitantly down from the hopper throughthefhoe, 
into the eye of the millitone, where it-falls upon 


‘the:top of the rynd, and is, by the motion of the 


rynd, and the leather under it, thrown below the 
upper ftone, ‘and ground ‘between it and the 
lower one. The violent motion of the ‘ftone 
creates a centrifugal force in the corn going 
round with it, by which means itgets farther and 


farther. from the center,’ as in a {piral, in every ° 


revolution, until-it be thrown quite out; and, 


being then ground, it falls through a fpout M, 


called the muill- -€Ye, into the trough Nye OS 
When the mill is fed too faft, the corn bears 
up the ftone, and is ground too coarfe ; and be- 


_ fides, 1t clogs the mill fo as to make it go too 


flow. ©. When the mill is too flowly fed, it goes 


‘too fait, and the ftones by their attrition are apt. 


to'ftrrke fire againit one another. Both which 


inconveniencies are avoided by turning the pin L 


backwards or forwards, which din wish up or lets 
down the fhoe ; and fo regulates the feeditig as 
the miller fees convenient. 

» The heavier the running millftone is, and the 
ereater the quantity of water that falls upon the 


wheel, fo much the fafter will the mill bear to be 


fed ; and con fequently fo much the more it will 


grind. And’ on the contrary, the lighter the » 
ftone, and the iefs the quantity of water, fo much 


flowercmuft the feeding be. But when the ftone 
is confiderably wore; and become light, the mill 


muft be fed flowly at any rate; otherwife the 
iftone .wall bei tao sa borne ‘up by the cora 
| under it, which will make the: meal coarfe.. . 


“The quanuty of power requited to turn a 


: heavy millftane is but very y dine more than what. 
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is fufficient to turn a lightone: for as itis fup- 
_ ported upon the fpindle by the bridge-tree Sf, 
and the end of the fpindle that turns 1n the ‘sore 
foot therein being but fmall, the odds arifing 
from the weight is but very inconfiderable in its 
action againtt. the power or force of the water. 
_ And befides, a heavy ftone has the fame advan- 
tage as a heavy fly; namely,-that it regulates 
the motion much better than a light one. 

In order to cut and grind the corn, both the 
upper and under, millitones have channels or 
furrows cut into them, proceeding obliquely from 
the center towards the circumference. And thefe 
furrows are cut perpendicularly on one fide and 
obliquely on the other into the ftone, which 
gives each furrow a fharp edge, and\in the two 
ftones they come, as it were, again{ft one ano- 


ther like the edges of a pair of fciffars: and fo” 
cut the corn, to make it grind the eafier when it | 


falls’: upon the» places between’ the furrows. 
Thefe are cut the fame way in both ftones when 
they lie upon their ony which makes them run 
.crofs ways to each other when the upper ftone is 
- inverted by turning its furrowed furface towards 
that‘of-the lower. For, if the furrows of both 
- ftones lay the fame way, a great deal of the corn 
would be driven’ onward in the lower furrows; 
and fo come ‘out from ‘between the ftones with- 
out being either cut or bruifed. 

When the furtows become blunt and fhallow 
by wearing, the running ftone muft be taken 
up; and both ftones new dreft with a chifel and 
hammer. And every time the {tone is taken up, 
there muft be fome tallow put round the fpindle 
upon the bufh,. which will foon be melted by 
‘the heat the fpindle acquires from its turning 
and rubbing againft the bufh, and fo will get in 

betwixt 
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betwixt them: otherwife the buth would take - 
fire in avery little time. 
The bufh muft embrace the {pindle quite 


— clofe, to prevent any fhake in the motion, which 


would make fome parts of the ftones grate and 
fire againft each other; whilit other parts of 
them would be too far afunder, and by that 


means {poil the meal in grinding. 


Whenever the fpindle \ wears the bufh fo as to 
begin to fhake in ir, the ftone muft be taken up, 
and a chifel drove into feveral parts of the bufh; 
and when it is taken out, wooden wedges muft be 
driven into the holes; by which means the bufh 
will be made to embrace the fpindle clofe all 
around it again. In doing this, great care mutt 
be taken to drive equal wedges into the bufh on 
oppofite fides of the fpindle ; otherwife it will 


+ be thrown out of the perpendicular, and fo hin- 


der the upper ftone from being fet parallel to the 
under one, which is abfolutely neceffary for mak- 
ing good work. When any accident of this - 
kind happens, the perpendicular pofition of the 
{pindle muft be reftored by adjufting the bridge- 
tree SZ by proper wedges put between it and 
the brayer QR. 

It often happens, that the rynd is a Jitsle 
wrenched in laying down the upper ftone upon 
it; or is made to fink a little lower upon one 
fide of the fpindle than on the other; and this 
will caufe one edge of the upper ftone to drag 
all around upon the other, whilft the oppoiite. 
edge will not touch. But this is eafily fet to 
rights, by raifing the ftone a little with a lever, 
and putting bits of paper, cards or thin chips, 
between the rynd and the ftone. 

The diameter of the upper ftone is generally 
about fix feet, the lower ftone about an inch 

more : 
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more: and the upper ftone when new contains 
about 222. cubic feet, which weighs fomewhat 
more than 1900 pounds. A ftone of this dia- 
meter ought never to go more than 60 times 
round jn a minute; for if it turns fafter, it will 
heat the meal. | 

The grinding furface of the under ftone is a 
little convex from the edge to the center, and 
that of the upper ftone a little more concave : fo 
that they are fartheft from one another in the 
middle, and come gradually nearer towards the 
edges. By this means, the corn at its firlt en- 
trance between the {tones is only bruifed, butas 
it goes farther on towards the circumference or 
edge, it is cut fmaller and fmaller; and at laft 
finely ground juft before it comes out from be- 
tween them. 

The water-wheel muft not be too large, for 
if it be, its motion will be too flow; nor too 
little, for then it will want power. And for a 
mill to be ia perfection, the floats of the wheel 
ought to move with a third part of the velocity 
of the water, and the ftone to turn round once in 
a fecond of time. 

In order to conftru@ a mill in this perfect 
manner, obferve the following rules : 

1. Meafure the perpendicular height of the 
fall of water, in feet, above that part of the 


whee! on which the water begins to act; and 


call that, the height of the fall. 
- 2. Multiply this conftant number 64.2882 by 
the height of the fall in feet, and the fquare root 
of the product fhall be the velocity of the water 
at the bottom of the fall, or the number of feet 
that the water there moves per fecond. | 

3. Divide the velocity of the water by 3, and 
the quotient fhall be the velocity of the float- 
boards of the wheel; or the number of feet oe 
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mutt each go through in a fecond,, when the. 


water aéts upon them fo,, as to have the greateft 
wer to:turn-the mill. 
4. Divide the circumference of the wheel in 


feet by the velocity of its floats in feet per fe-. 
cond, and the quotient fhall be the number.of. 


feconds:in which the wheel turns round. — . 

5. By this laft number of feconds divide 60; 
snr the quotient fhall be the number of turns 
of the wheel.in a minute, 


6. Divide 60 (the number of revolutions the 
millftone ought to have in aminute) by the num- 


ber of turns : of the wheel in a minute, and the 


quotient fhall be the number of turns the mill. 


ftone ought to have for one turn of the wheel. 


it. Then, as the number of turns of the wheel: 
in a minute is to the number of turns of the — 


millftone in» a minute, fo muft. the number of 


-flaves in the. trundle be/to the number. of cogs 


in the wheel, im the neareft whole numbers that 
ean be found. 


By thefe rules I have calculated che following. . 


table to a water wheel 18 feet diameter, as 


-Lapprehend may be a good fize in ceneral. 


To conftruct a mill by this table, find the 


A of the fall of water in the firft column, and 


gainft that height, in the fixth column, you have 


number of cogs in the wheel, and fatima in the | 


trundle, for caufing the millftone to make about 
60 revolutions in a minute, .as near as poffible, 
when the wheel.goes with a third part of the ve- 


locity. of the water. And it appears by the 7th 


columa, that the number of cogsin the wheel, and 
ftaves inthe trundle, are fo near the.truth for the 


required purpofe, that the leaft number of revo- 


Jutions of the millftone in a minute is between 59 
and 60, and.the giearclt number never amounts 


to.6rn ei’ 
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The MILL-WRIGHT’s TABLE. 
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Of Water- Mulls. 
Such a mill as this, with a fall of water about 
o4 feet, will require about 32 hogfheads every 


‘minute to turn the wheel with a third part of the 


velocity with which the water falls; and to 
overcome the refiftance arifing from the friétion 


of the geers and attrition of the ftones in grind-’ 


ing the corn. | 

The greater fall the water has, the lefs quan- 
tity of it will ferve toturn the mill. The water 
is kept up in the mill-dam, and let out by a 
fluice called the penftock, when the mill is to go. 
When the penftock is drawn up by meags of a 
lever, it opens a paffage through which the water 
flows to the wheel: and when the mill is to be 
ftopt, the penftock is let down, which ftops the 
water from falling upon the wheel. 

A lefs quantity of water will turn an overfhot- 
mill (where the wheel has buckets inftead of 
flcat-boards) than a breaft-mill where the fall of 
the water feldom exceeds half the height 4d of 
the wheel. So that, where there is but a {mall 
quantity of water, and a fall great enough for the 
whee! to lie under it, the bucket (or overfhot) 
wheel is always ufed. But where there is a large 
body of water, with a little fall, the breaft or float- 
board wheel muft take place. Where the water — 
runs only upon a little declivity, it can act but 
flowly upon the under part of the wheel at 4; in 
which cafe, the motion of the wheel will be very 
flow: and therefore, the floats ought to be very 
long, though not high, that a large body of water 
may act upon them; fo that what is wanting in 
velocity may be made up in power: and then the 
cog-wheel may have a greater number of cogs in 
proportion to the rounds in the trundle, in order 
to give the millftone a fufficient degree of velocity. 

‘They who have read what is {aid in the farft 
le€ture, concerning the acceleration of bodies 

| falling 


Of Water: Mills. | 
falling freely by the power of gravity adting 


conftantly and uniformly upon them, may per- 


haps afk, Why fhould the motion of the wheel be 
equable, and not accelerated, fince the water acts 
conftantly and uniformly upon it? The plain 
anfwer is, That the velocity of the wheel can 
never be fo great as the velocity of the water 
that turns it, for, if it fhould become fo great, 
the power of the water would be quite loft upon 
the wheel, and then there would be no proper 
force to overcome the friction of the geers and 


attrition of the ftones. Therefore, the velocity 


with which the wheel begins to move, will in- 


_creafe no longer than till its momentum or force , 


is balanced by the refiftance of the working 
parts of the mill; and then the wheel will go 
on with an equable motion. 


Sr 


[If the cog-wheel D be made about 18 inches 4 sand. 


diameter, with 30 cogs, the trundle as {mall in ://. 


proportion, with 10 ftaves, and the millftones be 
’ each about two feet in diameter, and the whole 
work be put into a ftrong frame of wood, as re- 
_ prefented in the figure, the engine will be a hand- 
mill for grinding corn or malt in private fami- 
lies. And then, it may be turned by a winch 
inftead of the wheel 4.4: the millftone making 
three revolutions for every one of the winch. 
Ifa heavy fly be put upon the axle B, near the 
winch, it will help to regulate the motion. ] 

If the cogs of the wheel and rounds of the 
trundie could be put in as exactly as the teeth 
are cut in the wheels and pinions of a clock, 
then the trundle might divide the wheel exactly : 
that is to fay, the trundle might make a given 
number of revolutions for one of the wheel, 
_ without a fraction, But as any exact number is 
not neceflary in mill-work, and the cogs and 
rounds cannot be fet in fo truly as to make all 

the 
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Of Horfe-Miils and Wind- Mills. 


‘the intervals between them equal; a fkilful 


mill-wright will always give the wheel what he. 
calls a. bunting cog; that is, one more than what 
will anfwer to an-éxact divifion of the wheel by 
the |trundle.: And then, as every cog comes to 
the, trundle, it will take the next ftatt or round 
behind the one which it took in the former re- 


~ yolution : and) by that means, will wear all the 


parts of the’ cogs’and rounds which work upon 
one. another equally, and to equal diftances from 
one another in a little time; and fo make a true 
uniform ‘motion throughout, the» whole work. 
Thus, inthe above: water-mill, the trundle has’ 
10 ftaves, and the wheel 61 cogs. 


Sometimes, where there is a fufficient quan- 
tity of, water, the cog-wheel 44 turns a large ~ 


trundle B B, on whole axis Cis. fixed the hori- 


» zontal wheel D, with cogs ail-around its edge, 


turning two trundles £ and F at the fame time; 


whole. axes or fpindles G and H turn two mill- - 


ftones and K, upon the fixed ftones Land M. 


And when there is not work for them both, 
either may be made to he quiet, by inate 


one of the flaves of its trundle, and turning the © 


vacant place towards the cog-wheel D. And 
there may be a wheel fixt on ‘the u; pper end of 


the great upright axle C for turning)a couple of § 


>. 


| A wind- 


| awell. 


boulting-mills ; and other work for drawing | 
up the " facks,. fanning and. cleaning the ‘corns 
fharpening of tools, &c. 


If, inftead of the cog-wheel 4 4 and manda | 
BB, horizontal levers be fixed into the axle C; © 
below the wheel D; then, horfes’ may be put to — 
thefe levers for turning the mill: which is often © 
done where water cannot be had for that pure | 


pole. 
The working parts of a wind- mill differ very 


little from thofe of a water-mill; only the former _ 
is 
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Of Wind-Mills. ' 
is turned by the ation of the wind upon fii 
_ fails, every one of which ought (as is generally 
believed) to make an angle of 54-; degrees with 
_ a plane’perpendicular to the axis on which the 
-arms.are fixt for carrying them. It being de- 
monitrable, that when the fails are fet to fach an 
angle, and the axis turned end- -ways toward the 
wind, the wind has the greateft power upon the 
fails. ‘But this angle anfwers only to the cafe of 
a vane or fail juft beginning to move *: for, 
when the vane has a certain degree of motion, it 
yields to the wind; and then that angle muft be 
d to give the wind its full effedt, 


| > Again, the increafe’ of this anele thould De. 
difference, according to the different velocities 


from. the axis to the extremity of the vane. At 
the axis it fhould be 54% degrees, and thence 
continually decreafe, giving the vane a twift, and 
fo caufing all the ribs of the vane to lie in’ dif- 
ferent planes. 


Laftly, Thefe ribs ought to de steht in length | 


from the axis to the extremity, ¢ giving the vane a 
curvilineal form ; fo that no part of the force of 
any one rib’ be fpent upon the reft, but all move 
on independent of each other. All this j is re- 


quired to give the fails of a wind-mill their true | 


form: and we fee both the twift and the diminu- 
_ tion of the ribs exemplified in the-wings of birds. 

Tt’is almoft incredible to think “with what 
velocity thé tips of the fails move when acted 
upon by a moderate gale of wind. I have fe- 
veral trmes-counted' the number of revolutions 
made by the fails in ten or fifteen minutes; and 
from the length of the arms from~tip to tip, 
have computed, that if a hoop of that diameter. 
Was-to run upon the ground with the fame velo- 


® See Mactaurin’s Fluxions, near the end, 
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city that it would move if put upon the fail-arms, 
it would go upwards of 30 miles in an hour. 

As the ends of the fails neareft the axis can- . 
not move with the fame velocity that the tips or ~ 
fartheit ends do, although the wind acts equally 
ftrong upon them; perhaps a better pofition 

than that of ftretching them along the arms’ 
directly from the center of motion, might be to 
have them fet perpendicularly acrofs the farther 
ends of the arms, and there adjufted lengthwife 
to the proper angle. For, in that cafe, both 

ends of the fails would move with the fame ve-_ 
locity ; and’ being farther from the center of mo- 

tion, they would have fo much the more power: | 
and then, there would be no occafion for having 

them fo large as they are generally made ; which ~ 
would render them lighter, and confequently, 
there would be fo much the lefs friction on the 
thick neck of the axle where it turns in the wall. | 
A crane. A crane is an engine by which great weights 
are raifed to certain heights, or let down to cer-. 

tain depths. It conlifts of wheels, axles, pul- — 
PlateVHI. leys, ropes, and a gib or gibbet. When the 
Fig.1. rope H is hooked to the weight K, a man turns 
the winch 4, on the axis whereof is the trundle 
B, which turns the wheel C, on whofe axis D is 
the trundle &, which turns the wheel F with its 

upright axis G, on which the great rope HH 

winds as the wheel turns; and going over a 

pulley Jat the end of the arm d of the gibecde, — 
it draws up the heavy burden K; which, being 

raiied to.a proper height, as from a fhipto the © 

quay, is then brought over the quay by pulling — 

the wheel Z round by the handles z, 2, which — 

turns the gib by means of the half wheel J fixe — 

on the gib-poft ¢¢, and the ftrong pinion a fixt — 

on the axis of the wheel Z. This wheel gives 
the man that.turns it an abfolute command over 

thea 


Of Cranes. : 
thé gib, fo as to prevent it from taking any tin: 
lucky fwing, fuch as often happens when it ig 
only guided by a rope tied to its armd; and 
people are frequently hurt, fometimes killed, 
by fuch accidents, | | 

The great rope goes between two upright 
rollers and &, which turn upon gudgeons in 
_ the fixed beams f and g; and as the gib is turn- 
ed towards either fide, the rope bends upon the 
roller next that fide. Were it not for thefé 
- rollers, the gib would be quite unmanageable; 
_ for the rnoment it were turned ever fo little to- 


wards any fide, the weight K would bégin to — 


_ defcend, becaufe the rope would be fhortened 
between the pulley J and axis G3 and fo the gib 
would be pulled violently to that fide, and either 
be broke to pieces, or break every thing that 
came in its way. Thefe rollers muft be placed 
fo, that the fides of them, round which the rope 
bends, may keep the middle of the bended part 


directly evén with the center of the hole in 


_ which the upper gudgeon of the gib turns in 
_the beam f/ The truer thefe rollers are placed; 
_ the eafier the gib is managed, and the lefs apt to 
iwing either way by the force of the weight K. 
A ratchet-wheel 9 is fixt upon the axis D, 
near the trundle #; and into this wheel the catch 
‘or click R& falls, This hinders the machinery 
from running back by the weight of the burden 
K, if the man who raifes it fhould happen to be 


carelefs, and fo leave off working at the winch 


-A fooner than he ought to do, 
__. When the burden K is raifed to its propet 
height from the fhip, and brought over the 
quay by turning the gib about, it is let down 
gently upon the quay, or into a cart ftanding 
_ thereon, in the following manner: A man takes 
hold of the rope ¢¢ (which goes over the pulley 
| ROM. G 2 } vy, and 
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v, ands tied to.a hook at S in the catch R) and 
fo difengages the catch from the ratchet-wheek 
9, and then, the man at the winch turns it 
backward, and lets down the weight K, Bur it 
the weight pulls too hard againft this man, ano- 
ther lays hold of thethandle Y, and by pulling 


-- it downward, draws the gripe U clole to the 


wheel Y, which, by rubbing hard againft the. 
eripe, hinders the too quick defcent of the - 
weight; and not only fo, but even ftops it at 
any time, if required. By this means, heavy 
goods may be either raifed or let down at plea-— 
fure, without ‘any danger of hurting the men 
who work the engine. | | ! 
When part of the goods are craned up, and 
the rope isto be let down for more, the catch R 


db 


is firft difengaged from the ratchet-wheel Q, by 


pulling the cord ¢; then the handle g is turned 
half round backward, which, by the crank a2 _ 


‘in the piece o, pulls down the frame 4 between 


the guides m and (in which it flides in a~ 
eroove) and fo difengages the. trundle £ from — 
the wheel C: and then, the heavy hook 6 at 
the end of the rope AH defcends. by its own 
weight, and-turns back the great. wheel F’ with — 
its trundle EZ, and the wheel C; and this-laft 
wheel. aéts like a fly againft the wheel. # and 
hook 6; and fo hinders it from going down too — 
quick ; whilft the weight XY keeps up the gripe 
U from rubbing again{t the wheel 2, by means _ 
of a cord going from the weight, over the pulley 
a to the hook VW in the gripe ; fo that the gripe 
never touches the wheel, unlefs ic be pulled 
down by the handle /, | ‘s 
When the crane is to be-fet at work again, 
for drawing up another burden, the handle g is’ 
turned half round forwards; which, by the 
crank am, raifes up. the frame 4, and caufes the” 
a 7 trundle 
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_ trundle B to lay hold of the wheel C; and then, 
by turning the winch 4, the burden of goods 
Kis drawn up as before. 

_ The crank 2 # turns’pretty ftiff in the mortife 
near o, and ftops againft the farther end of it 
when it has got jot a little beyond the perpen- 
dicular; fo that it can never come back of it- 
~ felf: ‘and therefore, the trundle B can never 


come away from the'wheel C, until the handle. 


4 be turned half'round, backwards. 
> Phe great rope runs upon rollers in the lever 
LM, which keeps it from bending between’ the 
axle at Gand the pulley / This lever turns upon 
the axis JV by means of the weight O, which is 
~ juft fufficient to keep its end Z up to the rope; fo 
_ that, “as the great axle turns, and tke rope. coils 
round it, the lever rifes with’ the rope, and pre- 
vents the coilings from going over one another. 
The power of this crane may be eftimated thus: 
fuppofe’ the trundle B to ‘have 13 flaves or rounds, 
and the wheel C to have 78 {pur cogs; the trundle 
Eto haye-14 ftaves, and: the wheel F 56 cogs. 
Then, by. multiplying the ftaves of the trundles, 
33 and 14, into one another, theit product will be 
182; and by multiplying the cogs of the wheels, 
7 and 56, into one another, their product will be 
4368, and dividing 4368 by 182, the quotient 
will be 24; which ‘thews that the winch 4 makes 
24 turns for one turn of the wheel F and its 
axle G on which the great rope or chain HI H 


‘winds. So that, if the length or radius of the 


winch 4 were only equal to half the diameter 
of the great axle G, added’ to half the thicknefs 

ofthe rope H, the power of the crane would be 
* as24 to 1: but the radius of the winch being 
double the above length, it doubles the faid 
power, and fo makes it as 48 tor: in which 
_@afe, aman may raife 48 times as much weight 
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by this engine as he could do by his natural 
ftreneth without it, making proper allowance 


for the friction of the working parts.—Two 
- men may work. at once, by having another 


winch on the oppofite end of the axis of the 
trundle under B; and fo make the power ftill 
double. 

If this power be thought greater than what 
may be generally wanted, the wheels may be’ 
made with fewer cogs in proportion to the ftaves 
in the trundles; and fo the power may be of 
whatever degree is judged to be requifite. . But 
if the weight be fo great as will require yet more 
power to raife it (fuppofe a double quantity) 
then the rope H may be put under. a moveable 
pulley, as ¢, and the end of it tied to a hook in; 
the gib ate; which will give a double power ta 
the “machine, and fo raifeé a double weight 
hooked to the block of the moveable pulley. 
~ When only {mall burthens are to be raifed, 
this may be quickly done by men pufhing the 
axle G round by the handfpokes Yo Jo Dod 3 hay- 
ing firft difengaged the trundle B from the wheel 
Ce and then, this wheel will only act as a By 
upon the wheel. F; and the catch R will prevent 
jts running back, af the men fhould inadvert- 
ently leave off pufhing before the burthen be 


unhooked from 8. 


Laftly, When very heavy burthens are to be 
yaifed, which might endanger the breaking of 
the cogs in the wheel Fy their force againtt thefe 
cogs may be m uch abated by men pufhing round 
the handipokes y, Js Jo Jo whilft the man at A 
turns the winch. ; 

Ihave only fhewn a working parts of thig 


‘rane, without the whole of the beams which 


{upport them 3 knowing that thefe are eafily : 
{oppoledy 4 
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fuppofed, and that if they had been drawn, | 
they would have hid a great deal of the 
working parts from fight, and alfo confufed the 
figure. ; 

Another very good crane is made in the fol- Another 
lowing manner. 44 is a great wheel turned crane. 
by men walking within it at H. On the part Ms: 2. 
_C, of its axle BC, the great rope D is wound as 
the wheel turns; and this rope draws up goods 
in the fame way as the rope HH does in the 
above-mentioned crane, the gib-work here be-* 
ing fuppofed to be of the fame fort. But thefe 
Cranes are very dangerous to the men in the 
wheel; for, if any of the men fhould chance to 
fall, the burthen will make the wheel run back’ 
and throw them all about within it; which 
often’ breaks their limbs, and fometimes {ills 
them. The late ingenious Mr. Padmore of Brif- 
tol, (whofe contrivance the forementioned crane 
is, fo far as I can remember its conftruction, 
after feeing it once about twelve years ago*,) _ 
obferving this dangerous conitruction, con- 
trived a method for remedying it, by putting 
‘cogs all around the outfide of the wheel, and 
applying a trundle £ to turn it; which increafes 
the power as much as the number of cogs in the 
_ wheel is greater than the number of ftaves in 
the trundle: and by putting a ratchet-wheel I 
on the axis of the trundle, (as in the above- 
mentioned crane) witha catch to fall into it, the 
great wheel is ftopt from: running back by 
the force of the weight, even if all the men in 


« *® Since the firft edition of this book was printed, Thave _ 
feen the fame crane again; and do find, that though the 
working parts are much the fame as above defcribed, -yet 
the method of raifing or lowering the trundle B, and the 
_ gatch R, are bettér contrived than I had defcribed them. | 
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it fhould leave off walking. And by one mam 

working at the winch J, or two men at the op- ¢ 
pofite winches when needful, the men. in the, - 
wheel are much affifted, and much greater’ 
weights are raifed, than could be. by.men.only 
within the wheel. Mr. Padmore put. alfa 
-gtipe-wheel G upon the axis of the trundle, 
which being pinched in the fame manner.as de- 
icribed in the former crane, heavy burthens 

may be let down without the leaft danger, 
And before this contrivance, the lowering of 
goods was always attended with the utmoft 
danger to the men inthe wheel; as every one. 
mult be fenfible of, who has feen fuch engines 

at work. Od. a dale ite 

And it is furprifing that the mafters of wharfs, | 

and cranes fhould be fo regardlefs of the limbs, ~ 

or even lives of their workmen, that excepting — 

the late Sir Fames Creed of Greenwich, and 

fome gentlemen at Briftol, there is fcarce an in- 

{tance of any who has ufed this. fafe-contri- 

“ vance. ~ sagt | 

Weel The ftructure of wheel-carriages is.generally 

_ earriages. {0 well known, that it would be needlefs to de-~ _ 

fcribe them. And therefore,.we fhall only. 

poirt out fome inconveniencies attending the — 
common method. of placing the wheels, and — 
| 
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loading the waggons. ial gaa la 
In coaches, and all other four-wheeled car-, 
riages, the fore-wheels are made of a lefs.fize 4 
than the hind ones, both on account of turn- 
ing fhort, and to avoid cutting the braces: 
otherwife, the carriage would go much eafier if i 
the fore-wheels were as high as the hind ones, ~ 
and the higher the better, becaufe they would 
fink to lefs depths in little hollowings in the 
roads, and be the more eafily drawn out of 
Ee Gio da ha Os ha au cr 
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them. But carriers and coachmen give another 
reafon for making the fore-wheels much lower 
than the hind-wheels; namely, that when they 


are fo, the hind-wheels help to puth on the fore. 


— ones: which. is too unphilofophical and abfurd 
to deferve a/ refutation, and yet for their fatis- 
faction we fhall fhew by experiment that it has 
no exiftence but in. theirlown imaginations. 
»It.is plain that the fmall wheels muft turn as 
-. much oftener round than the great ones, «as 


their circumferences. are lefs.. » And thereforey: 


when the carriage is loaded equally heavy on 
both axles, the fore-axle muff fuftain’as much 
more friction, and confequently wear’ out: as 
much fooner; than the hind-axle, as the’ fore- 


wheels are lefs' than the hind-ones.» But the‘ 


great misfortune is, that all the carriers to. a 
man do obftinately perfifty againft the cleare{t’ 


reafon and ‘demonttration, in putting the heavier 


part of the load upon the fore-axle of the wag- 
gon; which-not only makes the friction oreateft 
where it ought to be leaft, ‘but alfo preffeth the 
fore-wheels' deeper into the ground than the 
hind-wheels, notwithftanding. the fore-wheels, 
being lefs than the hind ones, are with fo much 
' the greater difficulty drawn out of a hole or over 
an obftacle, even fuppofing the weights on 
their axles were equal. For the difficulty, with 
equal weights, will be-as the depth of the hole 


or height of the obftacle is to the femidiameter. 


_ of the wheel. Thus, if we fuppofe the fmall 
wheel D of the wageon 4B to fall into a hole 


a 


SH) 


| Fig. 30 
_ of the depth EF, which is equal to the femi- ai 


diameter of the wheel, and the wageon to be 
drawn horizontally along; ic is evident, that 
the point E of the fmall wheel will be drawn 


directly againit the top of the hole; and there- 


fore, 


2 


, 
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fore, all the power of horfes and men will not’ 
be able to draw it out, unlefs the ground gives _ 


1 diac 
no 


way before it. Whereas, if the hind-wheel C) 


falls into fuch a hole, it finks not near fo deep 
in proportion to its femidiameter ; and there-’ 


fore, the point G of the large wheel will not be’ | 


drawn directly, but obliquely, acainft the top” 
of the hole; and fo will be eafily got out of it. 


Add to this, that asa fmall wheel will often 
fink to the bottom of a hole, in which a great 
wheel will go but a very little way, the {mall 


wheels ought in all reafon to be loaded with lefs | 
weight than the great ones: and thenthe heavier — 


part of the load would be lefs jolted:‘upward and 
downward, and the horfes tired fo much the 


lefs, as their draught railed the load to lef 


heights. : ie 
dt is true, that’ when the wageon-road is 


-much up-hill, there may be danger in loading 
the bind part much heavier than the fore part 3. 


for then the weight would overhang the hind- 
axle, efpecially it the load be high, and endan- 


- ger tilting up the fore-wheels ‘from the ground. 


In 'this cafe, the’ fafeft way would be to load it 
equally heavy on both axles; and'then, as much 


more of the weight would be thrown .upon the’ ‘4 
hind-axle than upon the fore one, as the sround: . 


rifes from a level below the carriage. But as this” 


feldom happens,» and when it does, a {mall tem- 


porary weight laid upon the pole’betweén the’ 


horfes would overbalance the danger; and this’ 
weight might be thrown into the waggon when 


it comes to level ground, it is ftrange than an 


advantage fo plain and obvious as would arife 


from loading the hind-wheels heavieft, fhould 


not be laid hold of, by complying: with this 


method, 
T9 
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To confirm thefe reafonings by experiment, : 


let a {mall model ‘of a waggon be made, with 
its fore-wheels 2% inches in diameter, oe its 
‘hind-wheels 42.;..the whole. model weighing 
about 20 ounces. Let this little carriage be 


loaded any how with weights, and have a ‘fonal 


cord tied to each of its ends, equally high from 
the ground it refts upon; and let it be drawn 
along a horizontal board, firft by a weight in a 


{fcale hung to the cord at the fore-part.; the cord 


going over a pulley, at the end of the board 


to facilitate the draught, and the weight jult 


fuficient to draw it.along. Then, turn the 


carriage, and hang the {cale and weight to the. 


hind cord, and it will. be found, to move along 


— with the Bee velocity as at firft: which ea 


that the power required to draw the carriage 
is all. the fame, whether the greac or {mall 


wheels are foremoft.;..and therefore.the great. _ 


wheels do not help.in the leaft to pulh an the 
{mall wheels in the-road. 


Hang the feale to the fore-cord, and place 


the fore-wheels. (which, are the fmall Ones) “in 
~ two holes, . cut. three eight. parts of an inch 


_ deep .into.the board; then put a weight of 32) 


ounces into, the carriage, over the fogs axle, 


and. an equal weight. over the hind one: this: 
done, put 44 aunces-into-the feale, which wi il, 


be juft fufficient to draw out the fore-wheels : 


but if this weight be taken out of the fcale, and. 


one of 16 ounces. put into its place, if the hind- 
wheels are placed in the holes, the 16 ounce 


weight will draw them out; which is little more. 
than a third part of what was neceflary to draw. 


out the fore-wheels, .This fhews, thac the Jar- 
eget: the wheels are, the lefs power will draw 
: ifs carriage, efpecially on rough ground, 

, Put 
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Put 64 ounces over the agle of thé hind- 
wheels, and 32 over the axle of the fore ones, 


in the carriage; and place the fore-wheels in’ 


the:holes: then,’ put 38 ounces into’ the feale,. 


which will jyuft draw out the fore-wheels ; and! | 


when the hind ones’comeé'to the hole, they*will 
find-but.very little refiftance, becaufe they fink 


« 
ie Be 2 < 


But fhift the weights in the carriage, by put- 
ting the)32 ounces upon thé hind-axle, and the 
64 ounces: upon 'the fore ane; and: place ‘the’ 
fore-wheels in the holes: then, if 76 ounces be’ 
put into'the feale, it will be found no more than 
jufficient' to draw out thefe wheels} which’ is 
double: the’ power required to draw them our, 
when the lighter part of the load was! ‘put upon 


them : swhich isa plain demonftration of the ab-’ 
durdity of putting the heavieft part of the load 


in the fore-part of the wagpon, | 
“iE.very one Knows what an’ out-cry was*made 


by the generality, if not thewhole body, ‘of the! - 


catriers, againft? the broad-wheel act; and how 


hard it:was to perfuade them to comply with it,’ 
even though ‘the government: allowed theat’to' 


draw withomoreé horfes;°and: earry greater loads,’ 


thanvufual. ‘Their principal ‘objection was, that’ 
as a broad wheel mutt touch the ground in a'ereat’ 
many more points than‘a ‘narrow wheel, thefic- 


tion muft of ‘courte be’ juft fo much the greater 5 
and confequently, there -muft be fo’ many moré’ 


§ 


horfes than ufual, to draw'the wageon. Vbelieve — 


that ‘the ‘majority of pedple were ‘of the fame’ ; 
opinion, ‘now confidering, ‘that if the whole weight’ 
of the iwageon and ‘loadin it) bears upon a! 
great “many ‘points, each fuftains a’ propor-’ 


tionably le{s:degree of weight and friftion, than’ 


when it. bears only upon a few points; fo that 
| ¥ 2 what 


f . 


é 


ene 


“Of Wheel-Carriages, 


what is wanting 1p one, is made up inthe other; 
and therefore will be juft equal under equal de- 


grees of weight, as may be fhewn by the follow- 


ing plain and eafy experiment. 
_/ Let one end of a piece of packthread . be 
fattened to a brick, and the other end to.a com- 


mon feale for holding weights: .then, ha@ing 


laid the brick edgewife on a table, and let the 


- fcale hang under’ the edge of the table, putas — 


much weight into the fcale as will juft draw the 
brick along the table. Then taking.back the 
brick to its former place, lay it flat.on the table, 
and leave it to be aéted upon by the fanie weight 
in the feale as before, which will draw 1t along 


with the fame eafe as-when it lay upon its edge. 
Inthe former cafe, the brick may be confidered 


as a narrow wheel on the ground; and inthe 
latter as a broad wheel. And fince the brick 1s 
drawn along with equal eafe, whether its broad 
fide or narrow edge touches the table, it fhews 
that a broad wheel might be drawn along the 
ground with the fame cafe as a narrow one (fup- 
pofing them equally heavy) even though they 
fhould drag, and not roll, as they go along. 

As narrow wheels are, always finking into the 
ground, efpecially when the heavieft part of the 
load lies upon them, they muft be confidered as 
going conftantly up hill, even on Jevel ground. 
And their fides muft fuftain a great deal of friction 
by rubbing againft the ruts made by them. But 
both thefe inconveniencies are avoided by broad 
wheels; which, inftead of cutting and plough- 
ing up the roads, roll them {mooth, and harden 


them; as experience teftifies.in places where 


they have been ufed, efpecially either on wettifh 


_ or {andy ground: though after all it muft be con- 


fefled,; that they will not do in ftiff clayey crofs 
: roads 


’ 
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roads; becaufe they would foon gather up 43 
much clay as would be almott equal to the - 


weight of an ordinary load. 


__ If the wheels were always to go upon fmooth. 
and level ground, the beft way would be to make 


the {pokes perpendicular to the naves; that is, 


‘to ftand at right angles to the axles; becaufe 


they would then bear the weight of the load 
perpendicularly, which is the ftrongeft way for 
wood. But becaufe the ground is generally un- 
even, one wheel often falls into a cavity or rut 


when the other does not; and then it bears much 


more of the weight than the other does: in 
which cafe, concave or difhing wheels are bet, 
becaufe when one falls into a rut, and the othef 
keeps upon high ground, the fpokes become per- 
pendicular in the rut, and therefore have ‘the 
greateft {trength when the obliquity of the load 
throws moft of its weight upon them; whilft 
thofe on the high ground have lefs weight to bear, 


and therefore need not be at their full ftrength: — 


So that the ufual way of making the wheels con: 
cave is by much the beft. 

‘The axles of the wheels ought to be perfectly 
ftraight, that the rims of the wheels may be 


parallel to each other; for then they will move — 


eafieft, becaufe they will be at liberty to go on 
{traight forwards. But in the ufual way of prace 
tice, the axles are bent downward at their ends; 


which. brings the fides of the wheels next the 
ground nearer to one another than their oppofite 


or higher fides are: and this not only makes the 
wheels to drag fidewife as they go along, and 
gives the load a much greater power of crufhing 
them than when they are parallel to each other, 


but alfo endangers the over-turning of the car- 
riage when any wheel falls into a hole or rut; or 


when 
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whéh the carriage goes in a road which has. one 
_ fide lower than the other, as along the fide of a 
hill, Thus (in the hind view of a waggon or 
cart) let 4 # and B F’be the great wheels paral- | 
lel to each other, on their ftraight axle K, and Fig. 4, 
HCI the carriage loaded with heavy goods from 
CtoG. Then, as the carriage goes on in the 
_ oblique road 4a B, the center - of gravity of the _ 
whole machine and load will be atC*; and the * See 
line of direétion CdD fal ling. within the wheel page 13. 
BF, the carriage will not overfet. But if the 
wheels be inclined to each other on the ground, Fig- 5- 
as AF and &F are, and the machine oe landed 
_as before, from C to G, the line of direétion 
CdD falls without the wheel B /, and the whoie 
machine tumbles over. When it 1s loaded with 
heavy goods (fuch as lead or iron) which lie low, Fis: 4- 
it may “travel fately upon an oblique road fo iong 
.as the center of gravity isat.C, and the line of di- 
rection Gd falls within the wheels ; bur if it be 
loaded high with lighter goods {(fuch as wool- 
packs) from C to L, the center of gravity is raifed Fig. 6. 
from C to K, which throws the line of direftion ‘ 
KE without the loweft edge of the wheel 8 F,” 
and then the load overlets ‘the waggon,. 

If there be fome advantage from {mall fore- _ 
wheels, om account of the carriage turning more 
eafily and fhort than it can be made to do when 
they are laroe; there is at leaft as great a difad- 

vantage attending them, which is, thas as their 
axle is s below the Touel of the hortes breafts, the 
horfes not ‘only have the loaded carriage to 
draw along, but alfo part of its weight to bear ; 
which. tires them fooner, and makes theni 
grow much fliffer in their hams, than they 
“would be if they drew on a level with the fore- 
“The And for this reafon, we find coach horfes 

| {oon 
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Of the Pile-Engine, 

foon become unfit for riding. So that on all aes 
counts it is plain, that the fore-wheels of all car 
riages ought to be fo high, as to have their axles 
even with the breaft of the horfes; which would 
not only give the horfes a fair draught, but like- 
wife caufe the machine to be drawn by a lefs de- 
etree of power. 

We fhall conclude his leaute witha defori 


. tion of Mr. Vauloue’s curious engine; which was 


made ufe of for driving the piles of Weftminfter- 
bridge: and the reader may caft his eyes upon 
the firft and fecond figures of the plate, in which | 
the fame letters of reference are annexed to the 


fame parts, in order to explain thofe.in the.fe- 


cond, which are either partly or wholly hid in 
the firft. 

» A is the great upright fhaft or axle, on whith 
are the great wheel B and drum C, turned by 
horfes joined to the bars §, S. The wheel B turns 
the trundle X, on the top of .whofe axis is the 
fly O, which ferves to regulate the motion, and 
alfo to act again{ft the horfes, and keep them 
from falling when the heavy ram Q.is difcharged 
to drive the pile P down into the mud in the 
bottom of the river. The drum C is loofe upon 
the fhaft 4, but is locked to the wheel B by the 
bolt 2. On this drum the great rope AA is 
wound; one end of the rope “being fixed to the 
drum, ane the other to the follower G, to which 
it is conveyed over the pulleys J and-K. Inthe — 
follower G is contained the tongs F (fee Figs 
3.) that takes hold of the ram Q D by the ftaple R 
for drawing it up. Disa {piral or fufy fixt to 


the drum, on which is wound the fmall ropeZ — 


that goes over the pulley U, under the pulley 7, — 

and is faftened to the tope of the frameat 7. To, — 

the gs block V is hung the counterpoife W, 
which 
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which hinders the follower from accelerating asc 


_ it goes down to take hold’ of the ram‘: for,. as 
the follower tends to acquire velocity in its des 
fcent, the line J winds downwards upon the 
fuly, ona larger and larger radius, by which 
means the counterpoife: W aéts ftronger and 
ftronger againft it; and fo allows it to come 
down with only a moderate and uniform velo- 
city. The bolt Y locks the drum to the great 
wheel, being pufhed upward by the fmall lever 
2, which goes through a mortife in thé fhaft 4 
turns upon a pin in the bar 3 fixt to the great 
wheel B, and has a weight 4, which always tends 
* to pufh up the bolt 2 through the wheel into 


t 


the drum. JZ is'the great lever turning on the 
' axis m, and refting upon the forcing bar 5, 5,. 


which goes down through a hollow in the thafe 
Ad, and bears up the little lever 2. SF 
_ By the horfes going round, the great rope H 


_ is wound about the drum C, and the ram Otis 


_ drawn up‘by the tongs F in the follower G, until 
the tongs comes between thelinclined planes E; 
which, by fhutting the tongs at the top, opens it 
at the foot, and ‘difcharges the ram, which falls 
_ down between the guides 4 4 upon the pile P, 


_ and drives it by a few ftrokes as far into the mud: 


as it can go; after which, the top-part is fawed 


off clofe to the mud, by an engine for that pur= — 
_ pofe. Immediately after'the ram is difcharged,: 


the piece 6 upon the follower G takes:hold of the 


| ropes @, a, which raiféethe end of the lever ZL, ‘and’ 


_ caufe its end N to defcend and prefs dawn the 
forcing bar 5 upon the little lever 2, which by 
pulling down the bolt 24 unlocks the drum C 
from the great wheel B; and then, the follower, 
being at liberty, comes down by its own weight 
_ to the ram ; and the lower ends of the tongs {lip 
| | over 
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over sine ftaple R ard the weight of: theit heads 
be them to fall outward, \and. fhuts. upon 

‘Then the weight 4, puthes up the bolt 2° in- + 
a 'the drum, which locks it to:the great wheel, 


: and fo the ram is drawn up as before. 


As the follower comes: down, it caufes the 


s) ite: to turn backward, and unwinds the rope 
from it, whilft the horfes, great wheel, trundle 


and fly, go on with an uninterrupted motion’: 
and as the drum 18 turning backward, the Coun- 
terpoife W is drawn ups ‘and its rope 7 wound 
upon the fpiral fuly D. | 

There: are feveral Hiates in the under fide a 
the drum, and the bole 7 always takes the firft 
one that it.finds when the drum ftops by) the 
falling of the follower upon the ram ; until which 
ftoppage, the bolt has not time to flap ints aby 
of the holes. 

This engine was ania upon a at oat on the 
water, and fo was eafily conveyed to: anyplace 
defired.—-I never had the good fortune to fee-it, 
but drew this figure. from a model which L.amade 
froma print of its being not quite fatisfied with 
the view which: the. print gives. .I have been 
told that the ram was a ton weight, and that the — 
guides b 4, between which it was drawn, up and 
let fall down, were 3o feet high: I fuppote:the 
great wheel may have had)100 cogs, and, the 
trundle ro ftaves or rounds ;: fo that | the: fly 
would make 10 revolutions for onejof the: rem 
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Of: Hydvofatics. Jor 


LE Cote wy. | 
Of bydroftati esy and | hydraulic machines, in general, 


ENHE feience of) bhydroftatics treats of the 
_ f° nature, gravity, preffure, and motion of 
fluids insgeneral ;; and. of.weighing folids in 
thems} ys) 23 tous, dls | . 
| A fluid is a body that yields to the leaft pref p.-.. 


fureor:difference of. preffures. Its particles ate tionof 


- fo {mall; thaw they cannot be -difcerned by the a Avid. 


beft microfcopes ; «they are hard, fince no fluid 
except air or f{team, scan be preffed into a lefs 
fpace than itnaturally poficfles ; and they muft be 
round: and:fmooth, feeing they are {0 eafily 
moved among one another. fel rey 
All bodies, both fluid and folid, prefs down- 
wards: by the force of gravity: but fluids have 
this wonderful property, that their preffure: up: 
wards and fidewife is’ equal to their -preffure 
downwards ;. and this is always in proportion'to 
their perpendicular height, without any regard 
to'their-quantity for, as each particle is quite 
free\to:move, it will move towards that part or 
fide om which ‘the preffure is leaft.. And hence, 


no particle or quantity of a Auid can be at reft, 


_ till itas ewery way equally preffed.~ Bes se 
_» To fhew by experiment that fluids prefs up- pyre x, 


_ward as-well as downward, let 4B be a long Fig. 1. 
_ upright tube filled: with water near. to its top 4 Plvids 


. p= ay ‘4 te is tee a4 prefs as 
and C D amall tube open at both»ends, and each ud, 


immerfed: into the water in the large. one: if the yard as 
immerfion be: quick, you will fee the water rife down- 


_ nthe {mall tube to the fame height thavit ftands ward. 
tm the great one, or until the furfaces of the 


m2 “water 


| 
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_ is prefied by the weight of all that ftands above 


Of Hydroftatics. 


water in both are on the fame level: which fhews 
that. the water .is preffed_ upward into the 
{mall tube by the weight of what is in the great 


one; otherwife it could never rife therein, con-— 


trary to its natural gravity ; unlefs the diameter 
of the bore were fo fmall, that the attraction of 
the tube would raife the water; which will ne- 
ver happen, if the tube be as wide as that ina 
common barometer. And, as the water rifes no 
higher in the fmall tube than till its furface be 
on a level with the furface of the water in the 


‘great one, this fhews that the preffure is not in 


proportion to the quantity of water in the great 
tube, but in proportion to its perpendicular 
height therein: for there is much more water 
in the great tube all around the {mall one, than 
what is raifed to the fame height in the fmall one, 
as it {tands in the great. 

Take out the {mall tube, and let the water 
run out of it; then it will be filled with air. 
Stop its upper end with the cork C, and it will 
be full of air all below the cork: this done, 
plunge it again to the bottom of the water.in the 
wreat tube, and you will fee the water rife up in 
it to the height Z; which fhews that the air isa. 
body, otherwife it could not hinder the water 
from rifing up to the fame height as it did be- 


fore, namely, to A; and in fo doing, it drove 


the air out at the top; but now the air is con- 
fined by the cork C: and it alfo fhews that the 
air is a compreffible body, for if it were not fo, 
a drop of water could not enter into the tube. 
The preffure of fluids being equal in all di- 


rections, it follows that the fides of a veflel are as __ 


much prefled by a fluid in it, all around in any 
given ring of points, as the fluid below that ring 


itt 
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it, Hence the preffure upon every point in the 
fides, immediately above the bottom, is equal to. 
the preffure upon every point of the bottom. To 
fhew this by experiment, let a hole be made at Fig, 2. 
é in the fide of the tube 4B clofe by the bot- 
tom; and another hole of the fame fize in the 
bottom at C; then pour water into the tube, 
keeping it full as long as you choofe the holes 
fhould run, and have two bafons ready to receive: 
the water that runs through the two holes, until 
you think there, is enough in each bafon; and 
you will find by meafuring the quantities, that 
they are equal; which fhews that the water run 
_ with equal fpeed through both holes: which it 

_ could not have done, if it had not been equally 
prefied through them both. For, if a hole of 
the fame fize be made in the fide of the tube, as 
about f, and if all three are permitted to run 
together, you will find that the quantity run 
through the hole at f is much lefs than what has 
_ run in the fame time through either of the holes 
C or ¢. | 
In the fame figure, let the tube be turned up 
_ from the bottom at C into the fhape D Z, and 
_ the hole at C be ftopt with a cork. Then, pour 
water into the tube to any height, as 4g, and it 
will fpout up in a jet E FG, nearly as high as it 
ds kept in the tube 4 B, by continuing to pour 

in as much there as runs through the hole E; 
which will be the cafe whilft the furface Ag keeps 

at the fame height. And if a little ball of cork 
G be laid upon the top of the jet, it will be fup- 
_ ported thereby, and dance'upon it. The reafon 
_ why the jet rifes not quite fo high as the furface 
_ of the water Ag, isowing tothe refiftance it meets 
with in the open air: for, if a tube, either’ great 
Or {mall, was {crewed upon the pipe at Z, the 

be ge : ' water 
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water-would. rife in it,until the furfaces of the 


water in both tubes were on the fame level; as; 
wil be fhewn by the next experiment, rl 
» Any quantity jof ja; fluid, how. {mall, foevers 


may be made to balance. and. fupport any quan- 


tity, how great-foever.. This. is defervedly, 
termed he hydroftatical paradox,, which we fhall 


‘firft fhew by an experiment, and thenaccount for 


it upon the principle above mentioned, namely,, 
that the prefure of fluids is directly as their perpen- 
dicular height, without any regard to, their quantity. 
Let a {mall glafs tube DCG, open throughout, 
and bended at B, be joined to the end ofa oreat. 
one 4/ at cd, .where the great one is alfo open; 
fo that thefe tubes-in their openings may. freely, 
communicate with each, other. . Then pour wa-. 
ter through a {mall necked funnel into the fmall 
tube at H;, this water will ran through the join- 
ing. of the tubesiat ¢ dj,and rife up| into the great 
tube; andif you.continue pouring until the fur- 
face of the water;comes,to any part, as.4, in the 
great tube, and then leave off, you will fee that 
the furface.of the.water in th fonall tube will be 
jutt, as high, at D; fo that .the, perpendicular 
height of the water, will be the fame in both 
tubes, however fmall the one bein-proportion to — 
the other... T his thews, that the {mall column 
D.CG_ balances and. fupports., the. great column 
Acd; which it could,not do if, their, preffures- 
were not equal againit .one another, in the re- 
curved bottom at B. -—If the fmall, tube. be made 
longer, and incline: din the, fituation’ GE Fe, the 3 
furface. of the water in. it will ftand.at F, on the — 
fame Jevel.with the furface 4 in the great tube; _ 
thatis, the water will have the fame perpendicular , 
height. in both tubes, although thé column inthe 


{mall tube is longer thas that in the great One; 


the : 
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theformer’ bens obliqué, ‘and ‘the latter’ per: 


pers iea rad C8 BNL) WOT oe Yerlte- Sar gus, 
Since then thé preffare’ of Auids is direAlyras. 


s 
& 


their perpendi¢ulat Hee hess without ‘any tegard 


to their quantities! 1 appears thar whatever the 
Hgure orifize: f veilels be, if they aréoF equal 
heights, and if the areas: of their bettortis-are 
equal, the preffures of equal heights ‘of water are 
equal upon’ thé ‘bottoms 6f thele vefels 4 CEVER. 
though the oné fheuid?hold a thoufand or ten 
thowfasd’ times ‘as mich water as would All the 


e o 
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otherd ~" °O cohfirnd this ipart of the’hydreftatied! Fig. 4, 5. 


Paradox by’ ary experiment, “tet two veffels’ be 


Prepared of equal heights," bur very “titequal 
contents,’ fuchas*7'5 in'Pig. 4. and AB in Fic. 


Be Tet each veel be open at’ both’ ends, and 


_ their-bottoms -Dd,:Pd be of equal widths.’ Det 


a‘brafs ‘bottom CC'be exattly fitted to each ver 


fel} not t6'go into’ it; but for ic to" find pon} 


and let’ a piece of wet leather "be" put ‘Between 
‘éach vefiel and its ‘brafs bottom, for thé fake of 
clofesefs."" Join each” bottony to its veftel by a 
hinge’ D;"fo'that it may open like the lid of a 
Boxs"and let each ‘bottom be’ kept wp’ to “its 
vefleh by equal weights ‘E and E hung to lines 
whith ¢olover the pulleys F and F (whole'blocks 
are fixed to the fides of the 'veffels aff)" and the 
lines tied to hooks at ‘@and d, Axed in the brats. 
bottéms' dppofite to thé hinges D and D, | Things 


_‘beite thus’ prepared’ and'ftted, hold the veftel 


JAB (Fis. 5.) uptight in your hands over a bafon 


i'4 table, and caufe wate? to be poured into the 
veflel flowly, till the preffure of the’ watet bears 


‘down ats bottom at‘ the fide d, and“raifeg the 


weight FE; and then"part of the warer will ran 
outard: Mark the height at which the furface 
Hi of the'watér ftoodin ‘thie veffel, when the bot- 
we 4 : tom 
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tom began to give way at d ; and then, holding 


up the other veffel 4B (Fig. 4.) in the fame 
‘manner, ‘caufe water to be poured into it at H; 


and you will fee that when the water rifes to 
in this veffel, juft as high as it did in the former, 
its bottom will alfo give way at d, and it will 
lofe part of the water. | 
_ .The natural reafon of this furprifing pheno- 
menon is, that fince ail parts of a fluid. at equal 
depths below the {urface are equally preffed in 
all manner of directions, the water immediately 


‘below the fixed part B/ (Fig. 4.) will be preffed 


as much upward againit.its lower furface within 
the veffel, by the action of the column 4g, as 
it would be by a column of the fame height, and 
of any diameter whatever; (as was evident by 
the experiment with the tube, Fig. 3.) and there- 
fore, fince action and reaction are equal and 
contrary to.each other, the water immediately 
below-the. furface Bf will be prefied as much 
downward. by it, as if it was immediately touch- 
ed and prefied by a column of the height ¢ 4, 
and of the diameter Bf: and therefore, ,the 
water in the cavity BDdf will be prefied.as 
much downward upon its bottom CC, as the 
bottom of the other veffel (Fig. 5.) is prefled by 
all. the water above it. | 0) rT hn 
To illuftrate this a little farther, let.a hole be 
made at fin the fixed top Bf, and let.a tube G 
be put into it; then, if water be poured into the 
tube 4, it will (after filling the cavity Bd) rife 
up into the tube G, until it comes toa level with 
that in the tube 4; which is manifeftly owing to 
the preffure of the water,in the tube 4, upon 
that in the cavity of the veffel below it.. Con- 
{equently, that part of the top Bf, in which the 
hole is now,made, would, if corked up, be 
prefled 
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prefied. upward with a force equal to the:weight 
of all the water which is fupported in the tubeG ; 
and the fame thing would hold at g, if a hole 
were made there. And fo if the whole cover or 
top B f were full of holes, and had tubesas high 
as the, middle one 4g put into them,, the water 
in-each tube would rife to the fame heightias it is 
kept into the tube 4, by pouring more into it, 
to. make up. the deficiency that it fuftains by fup- 
plying, the others, until they areal) full: and 
then the. water in the tube 4 would: fupport 
equal;heights of water in all the reft of thetubes. 
Or,;a£ all the tubes.except 4, or any other one; 
were taken away, and a large tube equal in dia- 
meter to the whole top 6 f were placed upon it, 
and-cemented to. it,, and then if -water were 


poured, into the tube. that was left in seitherof _ 


the holes, it would afcend through all the:reft of 
the holes,, until-it filled..the large tube to the 
fame height that it ftands in the {mall one; after 
a iufficient quantity had,been poured into it: 
which thews, that the top Bf was -prefled up- 
ward by the water under it, and before any 
hole was made in it,. with .a force equal to that 
wherewith it is-now .prefied downward by the 
weight. of all the water above it in the great 


tube. And therefore, the reaction of the fixed 


top Bf mutt be as, great, in, prefling the water 
downward upon the bottom CC, as the whole 
preflure of the water in the great tube-would 
have been, if. the top had been taken away, and 
the water in jthat tube left.to prefs direGly upon 
the water.in the cavity B Dd f. 9i] 


- Perhaps the beft.machine. in the world for pio. 


and 18. inches long, covered with leather, to 


open 


107 


“eat 6. 
demonfirating the upward preffure of; fluids, is The Jy- 


the hydroftatic bellows 4; which confifts of two ¢ro/atic 
thick;oval boards, each about 16 inches broad, “2 


T08 
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open and 'fhut like a common bellows, bat with: 
out valves’; ‘only 4 ‘pipe: By about “thrée feee 
high,s is fixed sinto ‘the:bellows ‘at 2. Let'fome 


waterb¢ poured: into’ thé! pipe-at'c,’ which owill 


run into:the bellows, andeparate- the ‘boarde'a 


—sditdley TDhemlay three Weighted; c,d, each weieh- 
_ ing roo'pounds, upon “the! upper: board's>-and 


pour more) water into the pipe, which will'ran 
into the bellows, and raife' wp the boatd with all 
the weights\upon its and\if. the pipe-be kept 


full, juhtil. the weights) aré*raifed as high'as'thé 


leatherowhich covers the bellows will allow them) 
the waterowills remain inthe: pipe, and fupport 
all the weights, even though it fhould weiph'n6 
moretham-a qharter of -a'pound, and’ they-300' 
pounds:snor-will all their forcé be able'to caufe 
them: itodefcend and forée the water out at the 
top: oficherpipe.ge 0 iokngoke Tuc py astod 

confidering what has been alréady faid° of the 
refult/of the prefltire of fluids’ ‘of equal-heiehts 
without any regard to their quditities!’ “For, if a 
hole be:madean the upper board, and atubé be 


| pur toto it, the water will’ rife in the tube'to'the 


fame height»that it does in the!pipe’; and would 
rife.as high (by fupplying'the pipe) in as many 
tubes asithe board’could :contain holes) Now: 
fuppofe only one hole.to%be madé in any part/of 


the board, of an equabdiaineter with the bore of 
_the-pipe’ Bs, and that thé pipe ‘holds juft ‘a’ quar- 
terof a pound: of water’, Gf) 4“petfon’ claps his - | 
finger upon: the hole, and the’ pipe be filled‘with 


water, he will find his\ fngér'to ‘be prefied up- 


_ ward with aforce equalto aiquarter of a’ pound. 
on | And asthe fame preffure'is‘equal’ upon all ‘equal 


. The reafon of this ‘willbe made'evident, by’ 


partsiof the-board, each patt whole area'isequal — 


to the area of the hole will be*préffed upward with 


a forceequal'to that of a quarter of apound: the 


Hxyo i 


\ 
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fum, of all which preffures-againft the under fide 
of.an oval board,16. inches broad,,.and18 inches. 
long; will amount to300 pounds, and therefore 
fo much weight will be raifed-up and fupported 
by: Re BATE “of a pound of water in the pipe. 
Hence, -ifa man ftands upon the upper board, How a 
and, blows into,the bellows shrough the pipe B, man may 
he, all raile himfelf reg pon soot board: mc him 


can, ‘Ae fee as Pease as Be pbeil nas pro- 
vided the: bellows), be air-tight, fol ‘as not to Tote 
what is blowaainta.it., ; 6. | 


ah athe 


“Phis. figure; d': Se kstact ovehr.ie to. iteithe ibis 
much larger-than any other. ch ih ‘the plate ; but 
it was noc.thoveht of, until, ali:the reft, were 
drawn 3 andag could not fo property come into 
any other. plates afl} Si 

Upon this, ping iple af the. bedund pacer Stes ef How lead 
fluids, apiece oflead may be: made to fwim-inmay be 
water,) by immerfing it.to-a- proper depth, ar aie 
keeping. the, water, from etting above it, Let twater. 
CD bea. glafs, tube, open, ‘throughout, and 
EFG a flat piece of lead, exactly, fitted to Pan ig. 7° 
lower end of the tube, not.to.go within it,. but 
for it to ftand upon; with: awet leather between | 
the lead and the tube to make clofe: worl, »~ Let 
this leaden bettem;be -half.an inch: thick, and 
held clofe to the tube by pulling the packthread 
LHL upward at L with.one) hand; whilit the 
tube. is held, in the other by the, upper end C. 
In. this fituation, . det the tube, be immerfed-in 
_ water in the glafs. veflel .4B; tothe depth of fix 
inches below.the.furface of the-water at K; and 
then, the leaden bottom EEG will be plunged 
#9 the depth gi fomewhat more than eleven times 

’ its 
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its own thicknefs’: holding the tube at that — 
depth, you may let go the thread at L; and 
the lead will not fall from the tube, but will be 
kept to it by the upward preffure of the water 
below it, occafioned by the height of the water 


“at K above the level of the lead. For as lead is 


How light 
wood may 
be made 
to lie at 
the bot- 
tom of 
water. 


E1.33 times as heavy as its bulk of water, and is’ 
in this experiment immerfed to a depth fome- 
what more than 11.33 times its thicknefs, and 
no water getting into the tube between it and 
the lead, the column of water E abcG below the 
lead is prefled upward againft’ it by the water 
KDEGE all around the tube; which water 
being a little more than 11.33 times as high as 
the lead is thick, is fufficient to balance and fup- 
port the lead at the depth K E. If a little water 
be poured into the tube upon the lead, it will 
increafe the weight upon the column of water 
under the lead, and caufe the lead to fall from 
the tube to the bottom of the glafs veffel, where 
it will lie in the fituation 6d. Or, if the tube be 
raifed a little in the water, the lead will fall by its 
own weight, which will then be too great for the 
preffure of the water around the tube upon the 
column of water below it. sind, 
Let two pieces of wood be plained quite flat, fo 
as no water may get in between them when they — 
are put together: let one of the pieces, as dd, 
be cemented to the bottom of the veflel 4B 
(Fig.'7.) and the other piece be laid flat and clofe 
upon it, and held-down to it by a'ftick, whilft | 
water is poured into the veffel; then remove 
the ftick, and the upper piece of wood will not 
rife from the lower one: for, as the upper one is 
prefied down both by its own weight and the 
weight of all che water over it, whillt the con- | 
trary preflure of the water is kept off by the: 
if wood 
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wood under it, it will lie as ftill as a ftone would 
do in its place. . But if it be raifed ever fo little 
at any edge, fome water will then get under it; 
which being acted upon by the water above, will 
immediately prefs it upward; and as it is lighter 
than its bulk of water, it will rife, and float upon 
the furface of the water. asl | 

All fluids weigh juft as much in their own 
elements as they do in open air. To prove 
this by experiment, let as much fhot be put into 
a phial, as, when corked, will make it fink in 
water: and, being thtis charged, let it be 
weighed, firft in air, and then in water, and 
the weights in both cafes wrote down. Then, 
as the phial hangs fufpended in water, and 
counterpoifed, pull out the cork, that water may 
run into it, and it will defcend, and pull down 
that end of the beam. This done, put as much 
weight into the oppofite fcale as will reftore the 
equipoife ; which weight will be found to anfwer 
_exaétly to the additional weight of the phial when 
it is. again weighed in air, with the water in it, 

The velocity with which water fpouts out at a The velo. 
hole in the fide or bottom of a veffel, is as the city of 
* fquare root of the. depth or diftance of the fpouting 
hole below the furface of the water. For, in ¥?*™ 
order to make double the quantity of a fluid 
run through one hole as through another of the 
fame fize, it will require four times the preffure 
of the other, and therefore muft be four times 
the depth of the other below the furface of the 
water: and for the fame reafon, three times the ; 
quantity running in an equal time through the 


* The fquare root of any number is that which being 
multiplied by itfelf produces the faid number. ‘Thus, 2 is 
the fquare root of 4, and 3 is the fquare root of 9: for 2 
multiplied ‘by 2 produces 4, and-3 multiplied by 3 pro- 
duces 9, &c.' Bs . win 
fame 
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Fig. 8. 


ing 
¥ 
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fime fort of hole, mut run with three times 
the velocity, which will require nine ‘times’ the 


preffure ; -and confequently muff ‘be nine times 
as deép below the furface of the fluid< and -fo 


on.—To prove this by an’ experiment, ‘let two _ 


pipes, as Cand g, of equal fized bores, bé 
fixed into the fide of the vefiel 4B; the pipe 
@ being four times as deep below the furface of 


_ the water at d in the veffel as the pipe-C is : and 


_ will be filled at the fame time bud Ro ag i 


The hori- 
zontal 
diftance 
to which 
water will 
{pout 
from 
_~pipes. 


whilft thefe pipes run, let water be conftantly 
poured into the veflel, to keep the furtate ftill 
at the fame height. ’ Then, if a'cup that holds” 

a pint be fo placed as to receive the water that 
fpouts from the pipe C, and at the fame moment 


a cup that holds a quart be fo placed as to receive . 


the water that fpouts irom the pipe g, both cups 


tive pipes. , 

The horizontal altace! to. which a Auid will 
fpout from a horizontal pipe,’ in any part of the 
fide of an upright veffel below the furface of the 
fluid, is equal to twice the length of a perpen-' 
dicular to the fide of the veffel, “drawn from the 
mouth of the pipe toa femicircle deicribed upon 
the altitude of the fluid: and ‘therefore, the 
fluid will at to the greatelt pial pene 


we hl ney 


diameter AthiGpetee parallel to’ fie: fide of! the 


_veffel) drawn from that point, is the longeft that 


Fig. 8. 


can poffibly be drawn from any part. of the 


diameter to the circumference of the femicircle, - 


Thus, if the veffel AB be fu'l of water, the 
horizontal pipe D be in the middle of its fide, . 
and the femicircle N dc be defcribed upon D - 
asa center, with the radius or femidiameter 
Dg N, or Df, the perpendicular Dd to the 
diameter NDbis the longeft that can be drawn 

‘ from 


~ 
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fromany part ofthe diameter:to the circumfes 
rence NV de d.. Andif the veficl be kept full, 
the jet G will fpout from» the: pipe iD} to the 
horizontal diftance NM, which is double thé 


i -length of) the perpendicular Dd.» If two other 


pipes, as Cand Ey belfixed imto the fide of the 


veffel at equal diftances above \and: helow:the 


pipe D, the perpendiculars C¢vand Exe, from 
thefe»pipes to the femicircle, will bevequal;iand 
the jets F-and 7 fpouting from: them»willéach 
go to the horizontal diftance WK ; which is 
double the length of either'of the equal perpen- 
dienlars GimorsDgh} bivow wiew ods ay dh 


‘19g 


Fluids by their preffure may be conveyed over How wa 
hills.and vallies in bended pipes, to.any height ter may 
not greater than the lével of the fprings from >° a 
whence they'flow. But when they are defieneéd over hills 


when we come to:treat.of pumps; ©) 99101 

fu fyphon, generally ufed for decanting li- 
quors, isa bended. pipe, whofe legs are of un- 
equal lengths; and the fhorteft leg mutt always 


be put into the liquor intended to be decanted, 


_ thatthe perpendicular altitude of the column of 
liquor in ‘the other leg may be longerthan’the . 


column in thecimmerfed leg, efpecially above 
the furface of the water:': For,’ if both columns 
were equally high in that refpeé,: the atmo: 
{phere, which preffes as much upward'as down- 
ward, and therefore aéts as much upward 
againft the column in the leg that hangs without 
the veffel, as it .aéts downward upon* the fur- 
face of the liquor:in the veffel, would hinder 


the running of the liquor through the fyphon, 


even though it were brought over the bended 
part by fuction. ' So that there is nothing left i 
caufe 


to be raifed higher than the {prings, forcing en and val- 
gines muft be ufed; which fhall bedeferibed lies _ 


ai4 
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caufe the motion of the liquor, -but the fuperio? 
weight of the column, in the longer leg, on 
account of its having the greater perpendicular 
height. an &3 : 

“Let D be accup filled with water to C, and 
ABC afyphon, whofe fhorter lez BC F is im- 
merfed in the water from Cto Ff’. If the end of | 
the other leg were no lower than the line 4C; 
which is level with the furface of the water, the 
fyphon would not run, ‘even though the air 
fhould be drawn out of it at the mouth 4. For 
although the fuction would draw fome water at 
firft, yet the water would ftop at the moment 


the fuction ceafed ; becaufe the air would aét as 


much upward againft the water at 4, as it acted 


_ downward for it by preffing on the furface at C, 


But if the lee 4B comes down to G, and the 
air be drawn out at G by fuction, the water will 
immediately follow, and continue to run, until 
the furface of the water in the cup comes down 
to #; becaufe, till then, the perpendicular 
height of the column B 4G will be greater than 
that of the column CB; and confequently, its 
weight will be greater, until the furface comes 
down to F; and then the fyphon will ftop; 
though the leg C F fhould reach to the bottom _ 
of the cup. For which reafon, the leo that 
hangs without the cup is always made long 
enough to reach below the level of its bottom; 
as from d to E: and then, when the fyphon is 
emptied of air by fuction at E, the water im- 
mediately follows, and by its continuity brings 
away the whole from the cup; juft as pulling 
one.end of a thread will make: the whole clue 
follow. : | Ag Sato 
If the perpendicular height of a fyphon, from 
the furface of the water to its bended top at % 
4 ° 
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Of Hydraulics. 


be/more: than 33 feet; it will-draw no water, — 
even though the other leg were much longer, 


and the fyphon quite emptied of air; becaufe 
the weight of a column of water 33 feet high 
is equal to the weight of as thick a column of 
air, reaching from the furface of the earth to 
the top of the atmofphere; fo that there will 


“then -be an equilibrium, and conféquently, 


1 


though there would be weight enough of air 
upon the furface C to make the water afcend in _ 
the leg CB almoft to,the height B, if the fy- 
phon .were emptied of air, yet the weight would | 


not be fufficient to force the water over the 
bend ; and therefore, it could never be brought 
ever into the leg BAG. : 
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Let a hole be made quite through the bottoin Fig, 10, 


Then, if water be poured iato this cup, it will 
rife in the fhorter leg by its upward preffure, 


- driving out the air all the way before it through 
the longer leg: and when the cup is filled above 
‘the bend of the fyphon at F, the preffure of 
- the water in the cup will force it over the bend 


of the fyphon ; and it will defcend in the longer 


_leg CBG, and run through the bottom, until 
the cup be emptied. 


This is generally called Tantalus’s cup, and 


~ the legs of the fyphon in it are almoft clofe to-= 
gether; and a little hollow ftatue, or figure of 


a man, is fometimes put over the fyphon to con- 
ceal it; the bend Z being within the neck of 


the figure as high as the chin. So that poor 
thirfty Tantalus ftands up to the chin in water, 


imagining it will rife a little higher, and he 
sad : may 


‘of the cup 4, and the longer leg of the bended Tantalus’s 
_fyphon DE BG be cemented into the hole, fo 

that the end D of the fhorter leg DE may al- 
-moft touch the bottom of the cup within. 


“Plate XT: 
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may drink; but inftead of that; when Hie Wate 
comes up to his chin, it immediately begins to 
defcend, and fo, as he cannot ftoop to follow 
it, he is left as much pained with thirft as — 
ever. PRE coy | ae Ee | 
The foun The device called the fountain at command 
vain at ats upon the fame principle with the fyphon in . 
command. the cup. Let two veflels 4 and B be joined 
together by the pipe C which opens into them 
both. Let 4 be open at top, Bclofe both at 
top and bottom (fave only a {mall hole at 2 to 
let the air get out of the veffel B) and 4 be of 
fuch a fize, as to hold about fix times.as much 
water as B. Leta fyphon DE F be foldered to — 
' ghe veffel D, fo that the part DEe may be 
within the veffel, and F without it; the end D,- 
almoft, touching the bottom of the veffel, and _ 
the ‘end F below the level of D: the veffel B 
hanging to 4 by the pipe C (foldered into both) 
and the whole fupported by the pillars G and 7 © 
upon the ftand .. The bore of the pipe muft — 
be confiderably lefs than the bore of the fy+ — 
phon. 2: a 
The whole being thus conftruéted, let the 
veffel 4 be filled with water, which will run 
though the pipe C, and fill the veffel B. When 
B is filled above the top of the fyphon at Z, the 
water will run through the fyphon, and be dif- 
charged at F, But as the bore of the fyphon 
is larger than the bore of the pipe, the fyphon — 
will run fafter than the pipe; and will foon 
_empty the veffel B; upon which the water will 
ceafe from running through the fyphon at Fy 
until the pipe C re-fills the veflel B, and then it 
will begin to run as before. And thus the fy- _ 
phon will continue to run and ftop alternately, 
until all the water in the veffel 4 has run 
_ through — 


Fig. 1. 


. Of Hydraulic Engines: 117 
through the pipe C.—So that after a few trials, 
one may eafily guefs about what. time the fy- 
phon will ftop, and when it will begin to run: 
and then, to amufe others, he may call out /fop, 
Or run, accordingly. | 
Upon this principle, we may eafily account Zetermits 
for intermpitiing or. reciprocating fprings. Letting 
‘AA be part of a hill, within which there is a/?”'S* 
‘cavity BB; and from this cavity a vein or Fig. 2. 
- channel running in the direction BCD E.. The 
rain that falls upon the fide of the hill will fink 
and ftrain through the {mall pores and cranies 
G,G,G,G,; and fill thé cavity. with water K. 
When the water rifes to the level HHC, the 
vein BC DE will be filled to C, and the water — 
- will run through CDF’ as through.a fyphon ; 
which running will continue until the cavity be 
emptied, and then it will ftop until the cavity 
be filled again. 
+ ‘The common pump (improperly called the fuck- The com- 
“ing pump), with which we draw water out of #2” 24» 
_ wells, isan engine both pneumatic and hydraulic. 
It confifts of a pipe open at both ends, in which 
is a moveable pifton or bucket, as big as the 
bore of the pipe in that part wherein it works; 
and is leathered: round, fo. as to fit the bore 
exactly; and may be moved up and down, with- 
out fuffering any air to come between it and the 
‘pipe or pump barrel.) | 
_ We fhall explain the conftruction both of 
sthis and the forcing-pump by pictures of glafs 
‘models, in which both the action of the piftons 
-and motion of the valves are feen. ) 
’ Holdsthe model DC BEL upright in.the veffel Fiz: 3° 
of water K, the water being deep enough to 
vrife at leaft as high as from 4to L. ‘The.valve 
/@on the moveable bucket G, and the valve 2 
ike on 


18 


Of Hydraulic Engines. - 


on the fixed box H, (which box quite fills the 
bore of the pipe or barrel at H) will each he 


clofe, by its own weight, pon ae inmethie 4 
bucket and box, until th 


work. The valves are made of brafs, and 


engine begins to | 


lined underneath with leather for clofing the — 


holes the more exactly: and the bucket G is 


- yaifed and depreffed alternately by the handle £ 


and rod Dd, the bucket being fuppofed at B 


before the working begins. 


Take hold of the handle E, and thereby | 
draw up the bucket from B to ¢, which will | 
make room for the air in the pump all the way ~ 


below the bucket to dilate itfelf, by which its 


{pring is weakened, and then its force is not — 


equivalent to the weight or prefiure of the out- 


ward air upon the water in the veffel K: and | 


therefore, at the firft flroke, the outward air 


will prefs up the water through the notched — 
foot A, into the lower pipe, about as far as ¢: 
this will condenfe the rarefied air in the pipe ~ 


between e and C to the fame ftate it was in be- | 


- fore; and then, as its {pring within the pipe — 
is equal to the force or prefiure of the outward © 
air, the water will rife no higher by the firft 
flroke; and the valve 4, which was raifed ;a_ 
little by the dilatation of the air in the pipe, will 
fall, and ftop the hole in the box H and the 
furface of the water will ftand at e. Then, 


deprefs the pifton or bucket from C to B, and _ 
as the air in the part B cannot get back again — 


through the valve b, it will (as the bucket de-— 
{cends) raife the valve a, and fo make its way 


through the upper part of the barrel d into the — 


open air. But upon raifing the bucket G a fe-— 
cond time, the air between it and the water in 
the lower pipe at @ will be again left at liberty to — 
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fila larger fpace; and fo its fpring being again 


weakened, the preffure of the outward air on 
the water in the veffel K will force more water 
up into the lower pipe from ¢ to fs; and when 
the bucket is at its greateft height C, the lower 
valve b will fall, and ftop the hole in the box 
Has before. At the next ftroke of the bucket 
or pifton, the water will rife through the box 
H towards B, and then the valve 4, which was 
railed by it, will fall when the bucket G is at 
its greateft height. Upon depreffing the bucket 
again, the water cannot be pufhed back through 
the valve 2, which keeps clofe upon the hole 
whilft the pifton defcends. And upon raifing 
the pifton again, the outward preflure of the air 
will force the water up through ZZ, where it will 
taife the valve, and follow the bucket to 
C. Upon the next cepreffion of the bucket 
G, it will go down into the water in the barrel 
B; and as the water cannot be driven back 
‘through the now clofe valve A, it will raife the 
valve a as the bucket defcends, and will be 
lifted up by the bucket when it is next raifed. 
And now, the whole fpace below the bucket 
being full, the water above it cannot fink when 
it is next deprefled ; but upon its depreffion, 
the valve a will rife to let the bucket go down; 
and when it is quite down, the valve a will fall 
_ py its weight, and {top the hole in the bucket. 
“When the bucket is next raifed, all the water 
‘above it will be lifted up, and begin to run off 
by the pipe F.. And thus, by raifing and 
depreffing the bucket alternately, there is {till 
more water raifed by it, which getting above 
‘the pipe F, into the wide top J, will fupply 
the pipe, and make it run with a continued 
fiream. — | 


é 


I 3 ; | So, 
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So, at every time the bucket is raifed, the 


valve J rifes, and the valve a falls; and at every 


time the bucket is depreffed, the valve d falls, 


and a rifes, | | 
_ As it is the preffure of the air or atmofphere 
which caufes: the water to rife, and follow the 
pifton or bucket G as it is drawn up; and fince 
a column of water 33 feet high is of equal 


weight with as thick:a column of the atmo- 


{phere, from the earth to the very top of the air; 
thereiore, the perpendicular height of the pifton 
or bucket from the furface of the water in the 
well muit always be lefs than 22 feet; otherwife 
the water will never .get: above the bucket, 
But, when the height is lefs, the preffure of the 


atmofphere will be greater than the weight of 


the water in the pump, and will therefore raife 


it above the bucket: and when the water. has 


once got above the bucket, it may be lifted 


thereby to any height,. if the rod D be madé. 


long enough, and a fufficient degree of ftrength 
be employed, to raife it with the weight of the 
water above the bucket. ee 

The force required to work a pump, will be 


as the height to which the water is raifed, and - 


as the {quare of the diameter of the pump-bore, 
in that part-where the pifton.works. So thar, 


if two pumps be of equal heights, and one of 


them be twice as wide in the bore as the other, 


the wideit will raife four times as much water 


as the narroweft ; and will therefore require four, 
times as much ftreneth to work it. 
The widenefs or narrownefs of the pump, in 


any other part befides that in which the pifton 


works, does not make the pump either more or 
lefs difficult to work, except what ‘difference 


may arife from the friction of the water in the 


bore; 


— 


—— <9 gs, 


a a ee 


‘ 
—— 


a 


— 


SS ee 


—<— = 


GS EE pi, NG Se 


a 


er rw ine AC _—_ 


= 
a ee 


Of Hydraulic Engines. 


bore ; which is always greater in a narrow bore. 


than in a wide one, becaufe of the greater 
velocity of the water. | 7 er | 

The pump-rod is never raifed direatly by fuch 
a handle as Eat the top, but by means of a 
Jever, whofe longer arm (at the end of which 
the power is applied) generally exceeds the 


length of the fhorter arm five or fix times; and, . 


by that means, it gives five or fix times as much 
advantage to the power. Upon thefe principles, 
it will be eafy to find the dimenfions of a pump 
that fhall work with a given force, and draw 
water from any given depth. But, as thele 


calculations have been generally neglected by — 


ump-makers (either for want of fkill or in- 
duftry) the following table was calculated by the 
Jate ingenious Mr. Booth for their benelit *. 
‘In this calculation, he fuppofed the handle of 
the pump to be a lever increafing the power 
five times; and had aften found that a man can 


work a pump four inches diameter, and 30 feet — 


high, and difcharge 27> gallons of water (Eng- 
lifh wine meafure) in a minute. \ Now, if it be 
required to find the diameter of a pump, that 
fhall raife water with the fame eafe from any 
other height above the furface of the well; look 
for that height in the firft columa, and over- 
againft it in the fecond you have the diameter or 
width of the pump; and in the third, you find 
the quantity of water which a man of ordinary 
_ ftrength can difcharge in a minute. : 


™ Thave taken the liberty to make a few alterations in 
Mr. Boorh’s numbers in the table, and to lengthen it ont 


from 80 feet to 100. 


: 2iaig io Shas ab al Height 
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tee Rug et aes me eee 
Height of the;Diameter of the|Water difcharged in 
pump above} bore where the| a minute, Englifh 
the furface of| bucket works. | wine meafure. 


the well, 
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Fig, 4. The forcing-pump raifes water through the 
dhe -box H in the fame manner as the fucking-pump 
Jrer8 does, when the plunger or. pifton g is lifted 
ia up by the rod Dd. But this plunger has no 
hole through it, to let the water in the barrel 

BC get above it, when it is depreffed to B, and 

the valve 2 (which rofe by the afcent of the 

: water 
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water through the box H when the plunger ¢ 
was drawn up) falls down and ftops the hole in 
#1, the moment that the plunger is raifed to its 
_ greateft height. Therefore, as the water be- 
» tween the plunger g and box #7 can neither get 


through the plunger upon its defcent, nor back | 


again into the lower part of the pump Le, but 
has a free paflage by the cavity around H into 


_ the pipe 47M, which opens into the air-veffel’ 


K K at P; the water is forced through the pipe 
MM by the defcent of the plunger, and driven 


into the air-veffel; and in running up through 


the pipe at P, it opens the valve a; which fhuts 
at the moment the plunger begins to be raifed, 


becaufe the action of the water againft the under 


fide of the valve then ceafes. 

The water, being thus forced into the air- 
veliel KK by repeated ftrokes of the plunger, 
gets above the lower end of the pipe GHJ, 
and then begins to condenfe the air in the veffel 
KK. For, as the pipe GA is fixed air-tight 
into the veffel below F, and the air has no way 
to get out of the veffel but through the mouth 


of the pipe at 7, and cannot get out when the | 


mouth. J is covered with water, and is more 
and more condenfed as the water rifes upon 
the pipe, the air then begins to aét forcibly by 
its {pring againft the furface of the water at H: 
and this action drives the water up through the 
pipe [HGF, from whence it fpouts in a jet § 


toa great height; and is fupplied by alternately — 


raifing and depreffing of the plunger g, which 
conftantly forces the water that it raifes through 
the valve H, along the pipe MM, into the air- 

WehchK KK, ters 
The higher that the furface of the water H is 
raifed in the air-veffel, the lefs fpace wil] the 
. air 
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air be condenfed into, which before filled that 
veflel; and therefore the force of its fpring will 


be fo much the ftronger upon the water, and 


will drive it with the greater force through the - 
pipe at /: and as the {pring of the air con- 
tinues whilft the plunger g is rifing, the ftream 
or jet S will be uniform, as long as the action 
of the plunger continues: and when the valve 2 
opens, to let the water follow the plunger up- 
ward, the valve a fhuts, to hinder the water, 
which is forced into the air veffel, from running 
back by the pipe M M into the barrel of the 
RYEe: 

If, there was no air-veffel to this engine, the 
pipe.G HI would be joined to the. pipe M4 N' 
at P; and then, the jet S would ftop every 


time the plunger .is raifed, and run only when 


the plunger is depreffed. 


Mr. New/bam’s water-engine, for extinguifh- 


‘ing fire, confifts of two forcing-pumps, which 


alternately drive water into a. clofe vefiel of air; 
and by forcing the water into that veflel, the 
air In it 1s thereby condenfed, and comprefies 
the water fo ftrongly, that it rufhes out with 


great impetuofity and force through a pipe that 


comes down into it; and makes a continued 


uniform ftream by the condenfation of the gir 
. upon its furface in the veflel, 


By means of forcing-pumps, water may. be 


raifed to any height above the level of a river 


or {pring ; and ” machines may. be contrived 


to work thefe pumps, either by a running 


ftream, a fall of water, or by horfes. An 


_inftance-in each fort will be fufficient to thew 


the method. oe 
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Be 


OFirt, bya running ftream, or a fall of wa- Plate XII 
gen Let 4/4 be a wheel, turned by the fall 
of water BB; and have any number of cranks 
' (fappofe fix) as: C, D, EZ, F, GH, on its axis, 


‘according to the ftrength of the fall of water, 
and the height to which the water is intended to 


- be raifed. by the engine. As the wheel turns 
4 round, thefe cranks move the levers.c, d, , f, zs 4 
wp and down; by the iron rods 2,.4, /,.m,\m, 0, €ngine ta 


_ which alternately raife and deprels. the piftons by. 
the other iron rods 9, ¢,. 1) Jy by thy Wy My Ys in” 


vy 


twelve pumps ; nine whereot, as L, Ad; .N,.O, P, 


' Q, R, 8; T, appear in the plate; the other three 


being hid behind the work at Y.. And.as pipes 


_ may’ go from all thefe pumps, to. convey the 


i "water “(drawn up by them toa{mall height) into 
a clofe ciftern, from which the»main pipe goes 


off, the water will be forced into this miltera 
by the defcent of the piftons: And as each 
- pipe, going. from its refpective pump into the 
ciftern, has. a valve at its end in the ciftern, 
— thefe valves will hinder the return of the water 
_ by: the pipes; and therefore, when the cittern 


Hig. le 


A pump 


go by 
atere 


4s once full, each pifton upon. its -defcent will 


_ force the water (conveyed into the ciftern by a 
 formef? ftroke) up the main pipe, to. the 


¥ teieht the engine was intended to raife it: — 


which height: depends upon the quantity raifed, 


_vand the power that turns the. wheel. When 


the power upon the wheel is leffened by any 
defect of the quantity of water turning it, ‘a 
-proportionable number of the pumps. may be 


ohaid afide, by difengaging their rods, from the — 


oyibrating levers. 
This figure is a reprefentation of the engine 
‘erected at Blenbeim for the Duke of Marlborough, 


| by the late ingenious Mr. Alderfea, “The water- 


wheel 
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wheel is 72 feet in diameter, according to Mr. 


Switzer’s account in his Hydraulics. 


When fuch a machine is placed in a flream é 


that runs upon a fmall declivity, the motion of © 
the levers and action of the pumps will be bet. 


flow; fince the wheel muft go once round for — 
each ftroke of the pumps. But, when thereis a 
large body of flow running water, a cog or fpur- — 


wheel may be placed upon each fide of the 
water-wheel 4 A, upon its axis, to turn a trundle 


_ upon each fide; the cranks being upon the axis — 
of the trundle. And by proportioning the cog-_ 

wheels to the trundles, the motion of the pumps ~ 
may be made quicker, according to the quantity 


A pump- 


go by 
horfes. 


| Fig. 2 


and ftreneth of the water upon the firft wheel ; 


which may be as great as the workman pleafes ; 
according to the length and breadth of the float- 


ee 


boards or wings of the wheel. In this manner, — 


the engine for raifing water at London-Bridge is 


conftruéted; in which, the water-wheel 1s 20 — 


feet diameter, and the floats 14 feet long. 


Where a ftream or fall of water cannot be had, — 
engine toand gentlemen want to have water raifed, and 
brought to their houfes from a rivulet or {pring 5 
this may be effected by a horfe-engine, working — 
three forcing-pumps which fland in a refervoir 
filled by the fpring or rivulet: the piftons being 


moved up and down in the pumps by means of a 


triple crank ABC, which, as it is turned round 


by the trundle G, raifes and depreffes the rods 


D,E,F. The trundle may be turned by fuch a_ 


wheel as F in Fig. 1. of Plate VIII, having levers 
WIN ON its upright axle, to which horfes may 


be joined for working the engine. And if the 
wheel has three times as many cogs as the 


trundle has ftaves or rounds, the trundle and 
cranks will make three revolutions for every is 
#} 
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of the wheel: and as each crank will fetch a | 
- ftroke in the time it goes round, the three cranks 
will make nine ftrokes for every turn of the great 
wheel, ~ | 

The cranks fhould be made of cait iron, be- 

caufe that will not bend; and they fhould each 

make an angle of 120 with both of the others, 
as at a,b,c; which is (at it were) a view of their plate xIr, 
radii, in looking endwife at the axis: and then Fig. 2. 
there will be always one or other of them going © 
downward, which will pufh the water forward 
with a continued ftream into the main pipe. 
For, when 2 is almoft at its loweft fituation, and 
is therefore juft beginning to lofe its action upon 
the pifton which it moves, c is beginning to move 
downward, which will by its pifton continue the 
propelling force upon the water: and when ¢ is 

come down to the polition of 4, @ will be in the 
pofition of ¢. | 

The more perpendicularly the pifton rods 

_move up and down in the pumps, the freer and 
better will their ftrokes be: but a little devia- 
tion from the perpendicular will not be material. 
Therefore, when the pump-rods D, E, and F 

o down into a deep well, they may be moved 
direétly by the cranks, as is done in a very cood 
horfe-engine of this fort at the late Sir Fames 
Creed’s at Greenwich, which forces up water about 
64 feet from a well under ground, to a refervoir 
on the top of his houfe. But when the cranks 
are only at a fmall height above the pumps, the 
_piftons muft be moved by vibrating levers, as in 
the above engine at Blenheim: and the longer 
the levers are, the nearer will the ftrokes be toa 
perpendicular. ee 

Let us fuppofe, that in fuch an engine as Sit’ A’bahae 
Fames Creed’s, the great wheel is 22 feet diame- lation of 


_ ter, the trundle 4 feet, and the radius or length the quan- 
) FPS RUMEN Ee IED 2th of SY of 
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water that Of each ctank 9 inches, working a pifton in it? — 
may be pump. Let there be three pumps in all, and the 
raifed by bore of each punip be four inches diameter. 
a horte- 7Ay 2c : : elke ried 
cngtnes Then, if the great wheel has three times as many 
cogs as the trundle has ftaves, the trundle and 
cranks will go three times round for each revo 
lution of the horfes and wheel; and the three 
-eranks will make nine ftrokes of the pumps in 
that time, each ftroke being 18 inches (or double 
the length of the crank) in a four-inch bore. Let 
the diameter of the horfe-walk be 18 feet, and 
the perpendicular ‘height to which the watér is 
railed above the furface of the well be 64 feet. 
If the horfes go atthe rate of two miles amr 
hour (which is very moderate walking) they will 
turn the great wheel 187 times round in’ an 
hour. . Beas ef 
In each turn of the wheel the piftons make g 
firokes in the pumps, which amount to 1683 in 
VeVi 020) oan pais iasadie: 
Each flroke raifes a column of water 18 inehés 
long, and four inches thick, in the pump-bat- 
rels; which column, upon the defcent of the 
pifton, is forced into the main pipe, whofe’ per- 
_ pendicular altitude above the furface of the well 
is 64 feet. Ave 
Now, fince a column of water 18 inches long, 
and 4 inches thick, contains 226.18 cubic inches, 
this number multiplied by 1683 (the ftrokesin 
an hour) gives 380661 for the number of cubic | 
inches of water raifed in an hour. + 2a 
A gallon, in wine meafure, contains 231 cubic © 
inches, by which divide 380661, and it quotes — 
1468 in round numbers, for the number of gal- 
_. lons raifed in an hour; which, divided by 623, 
gives 264 hogfheads.—If the horfes go fafter, 
the quantity raifed will be fo much the greater. 
In this calculation it is fuppofed that no water 
| is 


Of Hydrauli ‘gad ig 
is watted by the engine. But as no forcing 
eine can be fuppofed to lofe lefs than a fifth 
part of the calculated quantity of water, between 
the piftons and bartels, and by the opening and 
fhutting of the valves, the horfes ought to walk 
- almoft 24 miles per hour, to fetch up this lofs, 

A, column of water 4 inches thick, and 64 
feet high, weighs 349.2, pounds av erdupoifé, or 
424-5, pounds troy ; and this weight toeether with 
the friction of the engine, 1s he reliance. that 
muft be overcome by the ftrength of the horfes. 
~ The horfe-tackle fhould be fo contrived, thac 
the horfes may rather pufh on than drag the 
Jevers after them. For if they draw, in going 
found the walk, the outfide leather {traps will 
rub againtt et fides and hams; which will 
_ hinder them from drawing at right angles to the 
levers, and fo make them pull at a difadvantage. 
But if they pufh the levers before their bteaits, 
inftead of dragging them; they can always walk 
at right angles t to thefe levers, 

It is no ways material what the diameter of 
the main or conduét pipe be: for the whole 
refiftance of the water therein, againft the horfes 
will be according to the height to which it is 
faifed, and the diameter of that part of the pump 
in which the pifton works, as we have already 
obferved. So that by the fame pump, an equal 
quantity of water may be raifed in (and confe- 
quently made to run from) a pipe of a foot dia- 
meter, with the-fame eafe as in a pipe of five or 
fix inches: ‘or rather with more eafe, becaufe its 
velocity in a large pipe will be lefs than in a 
+ fmall one; and chemtere’; its friction again{t the 
fides of the pipe wilk be lefs alfo, 

And the force required to raife water depends 
not upon the length of the pipe, bur upon the 
| perpendicular height to which it is raifed therein 


5 above 


tag 
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above the level of the fpring. So that the fame 
force, which would raife water to the height 4B 
in the upright pipe 42k /mnopqB, will raife it 
to the fame height or level B JH in the oblique 
pipe 4EFGH. For the preffure of the water at 
the end 4 of the latter, is no more than its pref- 
fure againft the end 4 of the former. 3 
The weight or preffure of water at the lower 


end of the pipe, is always as the fine of the 


angle to which the pipe is elevated above the ~ 
level parallel to the horizon. For, although the 
water in the upright pipe 4B would require 4 
force apphed immediately to the lower end 4 
equal to the weight of all the water in it, to fup- 
port the water, and a little more to drive it up, 
and out of the pipe; yet, if that pipe be inclined 
from its upright pofition to an angle of 80 de- 
grees (as in @ 80) the force required to fupport 


or to raife the fame cylinder of water will then 


be as much lefs, as the fine 80 is lefs than the — 
radius 4B; or as the fine of 80 degrees is lefs ~ 
than the fine of 90. And fo, decreafing as the 
fine of the angle of elevation leffens, until it ar- 
rives at its level 4C or place of reft, where the 
force of the water is nothing at either end of the — 
pipe. For, although the abfolute weight of the — 


water is the fame in all pofitions, yet its pref- 


fure at the lower end decreafes, as the fine of - 
the angle of elevation decreafes ; as will appear 
plainly by a farther confideration of the figure. 
Let two pipes, 4B and AC, of equal lengths 
and bores, join each other at 4; and let the 3 
pipe 2B be divided into 100 equal parts, as 
the fcale S is; whofe length is equal to the i 


length of the pipe.—Upon this length, as a 


radius, defcribe the quadrant B DC, and divide 
it into 90 equal parts or degrees. Piss 
Let the pipe 2C be elevated to 10 degrees 
i | “3 upon | 
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upon the “quadrant, and filled with water ; 
then, ‘part-of the water thatis in it will rife in 
the pipe 4B, and if it be kept full of water, it 
will raife'the water in the ptpe 4B from to :, 
that’ is, to a level 7.10.with the.mouth of the 


pipe at 10: and the upright line 2 10, equal to. 


_ Ai, will be the fine of 10. degrees ‘elevation ; 
which being meafured upon the fcale S, ‘will be 
about 17.4 of fuch parts as the pipe contains 
100 in length: and therefore, the force or pref- 
fure of the water at 4, in the pipe 4 10, will 
be to the force or preffure at 4 in the pipe 
DM BY 88 17.3 toird0s | | yeh nf 
Let the fame pipe be elevated to 20 degrees 
in the quadrant, and if it-be kept full of water, 
_ part of that water will run into'the pipe 4B, 
and rife therein to the height 2%, which is 
_equal'to the length of the upright line 4 20, or 
to'the fine of 20 decrees elevation; which, be- 
_ing meafured upon the fcale 8, will be 34.2 of 
_fuch parts as the pipe contains 100 in length. 
And therefore, the preffure of the water at 4, 
in'the full pipe 4 20, willbe to-its preffure, if 
that pipe were raifed to the perpendicular fitua- 
tion 4 B, as 34.2 to 100. 
levate the pipe to the pofition 4 30 on the 


quadrant, and if it be fupplied with water, the 


water will rife from ‘it, into the pipe 4B, to 
the height 47, or to the fame level with the 
mouth of the pipe at 30. The fine of this éle- 


vation, or of, the angle of 30 degrees, is ¢ 30; 


_ which is juft equal to half the length of the pipe, 
_ or to 50 of fuch parts of the feale, as the length 
-of the pipe contains 100. Therefore, the pref- 
-fure ‘of the water at 4, in a pipe elevated 30 


degrees above the horizontal level, will be equal - 


to one half of what it would be, if the fame 
pipe ftood upright in the fituation 4B. ° 
-! gee f And 


RAL 
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- And thus, by elevating the pipe to 40; 50, 
60, 70, and 80 degrees on the quadrant, the 
fines of thefe elevations will bed 40, e 50, f 60, — 
g 70, and & 80; which will, be equal to the 
heights 4m, du, do, Ap, and 4q: and thefe 
| Sine of | Parts [Sine of] Parts } e 


ee eal el ee ST ead ee 9 


1000 


heights : 
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heights::meafured > Bpon.the {cale$, will be 
16413507 6.65. 86.659 194cO5-7 and 9815-5), ‘which 
_exprefs the. preflirés-at 4 in, all thefe elevations, 
- confidering the; sprefinten in the upright. PIPE, A B 
STOO. 55 

-Becaufe: it may be ink. ule to od the, lengths 
- ofall the fines: of a quadrant from,o degrees 
- t0:900;:we:have given-the- foregoing table, fhew- 
—ingothe;length’.of .the. fine, of every degree in 


~ fuch: patts)as the whole pipe (equal to, the radius | 


of the quadrant) contains.1000.. Then the fines 
will be integrak or whole,parts. in length. . But 
if you fuppote: ‘the Jength of..the pipe. to, be di- 
vided, only. into;100 equal parts, the laft figure 
- of each part or fine mutt be cut off asa decimal ; 

/ and »then thofe which: remain at the, left hand 
- ofthis: iRpatations will be, integral or whole 
parts yor? 3: 

= Bass, if; the | radits of the ‘quadrant (fap 
pofed to-be equal to the length of the pipe 4 C) 
- be;divided; into 1000 equal parts, and the ele- 
vation be 45 degrees, the fine of that elevation 
will be equal, to.707 of thefe parts : but if the 
_ radius be divided only into.100 eqnal parts, the 
fame fine will, be only, 70.7 or 704%, of thefe 
- parts. For, AS 1000. 18.10 707, .f0 1s 100-to 
7O87« 2 

As it is of ¢ great importance to all -engine- 
_ makers, to. know what quantity and weight of 
_ water ‘willbe ;contained in. an. upright round 
pipe of a given diameter and height; fo as by 
_ knowing what weight is to be raiied, they may 
proportion. their. engines. to the force which 


they can afford to work them; we fhall fubjoin: 


tables fhewing the number. of cubic inches of 
water contained in an upright pipe of a round 


F bore, of any diameter from one inch to fix and 


font K 2 a half; 


133 


134 


contain, ~ 
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a half; and’of any height from one foot to two — 


i 


hondred’:’ together with’ the-weight of the: faid — 


number of cubic inches, both in troy and avoir=- 


dupoife‘ounces. The number of cubic inches ~ 


4 
: 


divided by 231, wilt reduce the water to gal» — 


jons in wine meafure; and divided by 282, wilk 


reduce it to the méafure of ale gallons. Alfo, — 


the troy otinces divided by 12, will reduce: the 
weight to troy’ pounds; and the avoirdupoife — 
ounces divided’ by 16, will reduce the weight — 


SP eat 


to avoirdupoife pounds. 


And here I muft repeat it again, that the — 
weight or preffure of the water acting’ againft — 
the power that works the’ engine, muft always — 
be eftimated according to the perpendicular — 
height to which it is to be raifed, without any — 
reoard to the length of the conduét-pipe, when — 
it has an oblique pofition ; and as if the diame- — 
ter of that pipe were juft equal to the diameter — 
of that part of the pump in which the’ pifton — 


works. Thus, by the following tables, the 
preflure of the water, againft an engine whofe 


pump is of a 4% inch bore, and’ the perpend® — 


cular height of the water in the conduét-pipe is” 


80 feet, will bé equal to 8057.5 troy ounces, 


and to 8848.2 avoirdupoife ounces’; which ~ 


makes 671.4 troy pounds, and 553 avoirdus 


poife. | i est 
For any bore whofe diameter exceeds 6} 
inches, multiply the numbers on the following 
page, againft any height, (belonging to PF inch 
diameter) by the fquare of the diameter of the 
given bore, and the products will be'the num — 
ber of cubic inches, troy ounces; and avoirdo-— 


poife ounces of water, that the given bore will — 


t Inch 
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me, 


+ 
t 


~y Inch diameter, 


. a Quantity © Weight | [n avoir- 
Ss} in cubic. | in troy (‘| dupoife 
dg] inches. | ounces. ounces. 

a gaa | 497) (5:46 | 
2 18.85 19.95 | 40.92 % 
Ne Wt GAR Foe ie ime et bt 16.38 | 
oh] 37-70 19.89 | 21-85 | 
et ee 24.87 i Fic8 ‘31 
6} 56.55 4 fake 32.77 
7.465.974. .34.82 38.23 
eed 754d  -BG-ZOd, | b3y69 
sods 84.82 . 44.76. “49.16 - 
icy ibe Lk Mae ey BR 
204: 188.490 09-48)|: 109.24 4 . 
0g04° 282.74 149.21]: 163586 | 
40 376.99-+-~2198.95 218.47 | 

“GO 4° 471.24 |° 248.69) 273.09 | 

860} 565.49 | 298-43 | 327-72 | 

Sao qh 659.73) 348.97 1" 382.83 | 

Bo} 753-98 |. 397-99] 436.95 | 

90} 848.23) 447.04] 49-57 | 

TOO. ae 540.19 | 


1092. 38 | 


EAA gone: Required the adeeBar of cubic inches,” dnd the 
weight of the water, in an aprigin pipe 278 feet, high; and 


11 zach diameter ? 


Herethe nearef fingle’ 
_ decimal figure is only 
' ‘taken into the account: } 
-and the whole being re-. 
duced by divifion, a-| 
mounts to 254 wine gal- 

lons in meafure ; toz 5951 
pounds troy,and tog? 
_- pounds avoirdupoife. 


Cubic Thay ixbird. 

Reeth Inches (Oi, “bii,Gz. 
ZOC+=4241.1--2238.2--2457.8 
70--1484.4--. 78343-- 80,2 
8-- tke 6-- 89. Lhe “98.3 


. Thefe 
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Oe IE BO RAM ON te ne ‘4 


Weight..,1n avoir 
qin troy ..h dupoile, 
ounces. | ounces. _ 


res ee 


ag 4 citact 11D1C, 
CT 


21.21-| 
42.41 
“3.4 63-62] 

LT ite nen carted 
reel OROR 


Pe int A SA a Ee Be EN PrN ont al 


| 1484-40 Y 783-37 | 
YP 1696.46 1895.28" 
i TQO8.52 b\FQOGsI Qs 
Ae? 21 BOL BBE BE RQ. TOS 
) fa aegr 215 | 2298.20) 


1228.92] 
2457.84 | 


Thefe :tables were at firft calculated to fix” 
‘decimal’ places for the fake of’ exaétnefs; but 


in tran{cribing them there are’ no more than 


-two-decimal figures. taken into the account, and 
fometimes-but one ; becaule there is no neceflity 
3 . ; ; E br rg ] i 7 - f. ti for j 


te 
- 
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: 


: Quantity: 


/ in cubic 


= 


“inches: 


i oe 


P ta, 36 1.95 


for computing to hundredth parts of an inch or: 
‘of an ounce in mee 


‘to give tae! caaddee an account of thé pace 


* 753.98 | 
LE RgONG 7 
Ff °1597-97 | 
1 °1884.96 | 


2 Inches diameter: 


‘Weight 
In troy’ ” 


“ounces; 


AS WS: CMS ee 


, 

ate 

gs 

oo" 
pearl Peso Be 
. ei eat 79 58°] 
| 
fe a63.89'| 139-26! 
<8hF gor.5g | a tek 
“ro'} 376.99'| 198.95. 


307. 90 


| “76° | *2638-94 | “1392.65 

| §80<). 3015.93 | 1591.60 | 
. 90. “3392. 92} 1790.56" 
100°} 3769.91 | 1989-51 | 
208 F77530:82 "1. 1:2979.00 


590.85 | 
795-80 - 
994-75 | 
“1193.70 ° 


In avoir- 
dupoite 


ounces, 


21.85 | 
43:09 | 
OF. 54 | 
87.39 | 
1D) 24 


2 


174.78 


Seen eseee PPSERER ees 


435.95 


1965. 27-4 
2184.75 
4369.50 || 


vpon which they were conftructed, 


K 4. 


131.08 
15293 


196.63 | 
288.47 | 


eee 
og-0° | 
1092.37 | 
I Paes . 
1529.32 | 
1747.80 | 
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_2zInches diameter, 


t Weight. 


| Quantity 


Jan cubic 


inches. 


1767.15 
2.356020]. 
| 2545-25, 

3 534:29 | 


4123.34 
4712-39, 
| 5301-44. 
£890.49 


Goran 


in troy | 


| ounces.. 


31.08 
62.17 
193.26 
124.34 
156-43 


a 


217.60 
2.48.09 
279-77 
310.86 


621.972 


932.584 , 


1243.44 
1554-30 


1865.16). 


2176.02 


- 2486.88 


2797-74 
3108.60 


1 In avoir- 


} ounces. 


dupoife 


2389.57 
27,39+94 | 
3072.30 | 
2.413667. 


200. |11780.98 } 6217.20 1 4827.34 | 


The folidity of cylinders are, found, by. mul. 
tiplying the areas of their bafes by their -alti- 


tudes. And Arcuimepes gives the following 
proportion for finding the area of .a.circle, and — 


the folidity of a cylinder raifed upon that circle : 
Rodis Se a 
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3 Inches diameter, ae 
In avoir- | 
‘| dupoife 


} Ounces, | 


Quantity: | Weight: 
incubic | in troy: 
| inches.’--}.ounces. : 


g48°| agi76' | 49. 16 
169.6) 89.534 98. gif 
25425° | 134529) 14947 | 
2B OK3% 4 179.06 F 196.63 | 
424.120 223.82 hg he78 | 


508.9 268i58.) 294.94. 

, 593-7 | 313-35) 344.10 | 
698.6 358.11) 393.25 
7O3r4 4 40287) gad.qr } ” 
848,200) 447.6415 491.57 


LScoralusxens | aie 


20 | 1696.5 ° 8i95. 28 983.14 
39 | 2544.7 1342-92 | 1474.70. 
40 | 330219 |°1790:56 | 1966.27 | 
$0] 424n40 7 2238.19 | 2457.84 | 
“60 5089. 42} 2685.83) 2949-4 1- 

70 5937-6 3133-47 | 3440.98 

80} 6785.8 | 3581.11 3932-55 } 
90} 7634.1 | 4028.75:| 4424.12 | 
100 | 8482.3 4476.39 | 4915.68 
200 }16964.6 | 8952.78 1 9831.36 


“As 1 is too. 7853995 fo is the {quare of the 
diameter to the area of the circle. “And as 1 is 
to 0.785399, fo is the fquare of the diameter 
-multiplied by the'height to the folidity of the 
| spect. By this analogy the folid inches and 

parts 
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be Biv Quantity : 
}  ‘seo}rin cubic 


| = 
ce) 


Sl oecsralaxe en | ysy 


4 


115404) | 
230-9 

34604. i 
A618 > 4 
57993. |: 


eS ee 


} 


692.7" 
808.2: . Be . 
: 92336 ae ! 04.5 ° i 
. 1039.1. i" As ; 
_ 11545 
» 2300%T 
|": 346326 
0 (40 18aIo fe 
; G t 22692782 


Pent 


BQ Joe 9230331 4° 
ATG 460405 


parts.of aninch.in the tables are-calcylated toa 
cylinder 200 feet high, of any.diameter.from x _ 
inch to 64, and may be continued at pleafure. .. _ 
., And as to the.weight of a cubic foot of running 
water, |it :has ‘been often found, upon trial, by . 
een ie 


sg $ 
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4 Inches: diameter. 


Tn avoir- 


Quantity JoWeight:: 
| sdupoife 


in cubic) tim troyo” 


Hi 

Og inches. .’-}- ounces. . | ounces, 
oy 87.4 
igs 174-8 
De 262.2 
PA 349.6 
“2 430.9 
06. 5243 
a / 611.7 
8 © 699-1 
‘ro 873.9 


1747.8 
he 2021-7 
f° 3495-6 
62434 


j 611963 

. 6991.2 

aR 13 47K ACPI 7865.1 

'15079+7 © 8739-0 
3019935 17478.0 | 


Dr. Wyberd and others,» to’ be 76, pounds 

troy, which is equal to. 62.5 pounds avoirdu-The 
poife. Therefore, fince there are 1728 cubic weight of 

inches’ in’ a cubic foot, a troy ounce of water tunning 
contains 1.8949 cubic inch; and an avoirdupoife""*" 

ns | ; ounce 


: Hydroftatical Tables. 


ees Inches. diameter, | 


} Quantity © Weight: 
pan-cubic 4 in troy 
h inches. ounces. 


ree ‘avoir- | 
| dupoife. 


= : 


110:6 


100.7 


201.4) 22142 
302-2 4 331.8 
402.9 44204 
503.0:4- 553-0 
60443 663.6 © 
7050.4. 774.2 
805,711. 884.8 
90015 |: 995+4 
1007.2 1106.0 


2014.4 4) 
3021.6 ' 
02 Be) ; 
1 5O3 56 sla 
OOM HE 

7050 3. 

8057.5 

9004.7 
1007 1.9 
20143,8 


SSL Som alasacn | UsyIg 


MM TITAS \ 
13359.6 °° 
| 152682 
17176.7 
1908 5.2 
4 38170.4 


22120.6 | 


ap * 


ounce of water 1.72556 cubic inch. Confe- — 
' quently, if the number of cubic inches con- 


tained in any given cylinder, be divided by 
1.8949, It will give the weight in troy ounces ; 


and divided by 1.72556, will give the weight — 


5 in 
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§ Jnches diameter. 


~ |} Quantity | Weight | Imavoir- 
in.cubie..|,1n troy —_|.dupoife 
"| inches....--ounces. | ounces. 


N24.9 tle 1136.5 
DABe7 ae 23.1 
317.3,0°.' 409.6 
499-4 540.2 
621.7 682.7 
819.3 
955-8 
109 2.4. 
1228.9 
1305-5 


2730-9 
4096.4 
5401.9 
6827.3 
8192.8 


ee 


9558.3 
1092 3.7 
12289.2 

 13654.7 
; 27 309-3. a 


in avoirdupoife- ounces. By this method, the 
weights fhewn inthe tables were calculated ; 
arid are near enough for any common practice. 

The fire-engine comes next in order to be €X- The fre- 


: plained; but as it would be difficult, even PY engine. 
; | the 


re. .. 
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5% Inches diameter. 


| Quantity 


Yon cubic © 


‘inches. 


285.1 


855°3 
1I40.4 


| 1425.5 


1710.6 
190 5°] 


5702.0 


$553.0 
11404.0 


tOO5 }o 
22808.0. 
25659.0 

~28510.0 


) | 54020.07 


690.2 


2280.8 k 
2505:9° 
2851.0 


TA25 50. 
17106.0° 


Weight 
In troy 


ounces. 


2 


150.5 


300.9) | 
‘4g te4 
601.8} 


i le 


— 902.7 
1053.2 
1203.6 
135401 


(1504.6 © 


4 ED 


soe 


451 3.7 


6018.2>, 


752268 

9027.4 
TO534.9 
12036.5 
12541.1. 
15045.6 
3009 I''2 


—mtt | 


| In avoir- 
| duponfe | | 


ounces.- 


164.3 
328.5 
- 492.8 
657.1 
822.3 


necang 4 
eee: 


985.6 
ade ed 
1314.2 
1478.4 
1642.9 

3285.4 
4928.1 
6570.8 


8219.5 


9856.2 


11498.9 
13141.6 
14784.3 
16426.9 
3285 3-9 


the beft plates, to give a particular  defcription 

of its féveral parts, fo’ as’ to‘'make? the whole — 
intelligible, I fhall only: ratte the ei id, 
upon which it is conftructed. | 


My What: ; 


r] 


ae i 
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.6 Inches diameter: 


oe Quantity-|> Weight’ Tn avoir- 
s | invcubics}rin troy: dupoife 
oa’ | inches... >} ounces. .:=| ounces. 
ey Bs | | 
I 339:3 I7QRISLe 196.6 
2}. .678,.6 B58v fi 3933 
(31 101749 537-2 |) 589-9 
CAV 1367-2040 | 71 O02) 786.5 | 
D8 16965 89543 983.1. 
(6 OY. 20357 fo 110743 1179.8 
7) 23750 | ° 125304 11913704. | 
~ Buf 6277493) ') 5 1482.4). 31573-0 & 
g | 03053,6 | 16115) | 21769.6 
TO] 2339269) | 1790.6. 1966.3 
20} 6785.8. 258 18ta don ggg a5 
Bo | 10178.8))) 5371.7 5898.8 | 
AG ds 93957107742 716222 7865.1 
60 16964.6 8952.8. 9831.4 
60 | 20357.5 | 10743.3 | 117976 
70 | 2375015 | 12533-9 | 13763-9 
80} 2714364) | 14324.4 | 15730.2 
gO | 30536.3 | 16115.0 | 17696.5 
100 | 33929.2» |.17905:6 | 19662.7 
200 1.67858.4. 4035811.2 | 393254 
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a. Whatever weight of water is to be raifed, 
the pump-rod muft’ be loaded with weights fuf- 
_ ficient for that purpofe, if it be done by a 
forcing-pump, as is generally the cafe, and the 
‘i | power 
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Quantity | Weight 
-mocubic | in troy 
Ainches.. _| ounces. . 


f In avoir- 
dupoife 
ounces. | 


ceed 


230.7 


210.1 © 
420.3 4) 461.4 
630.4 |! 692.1 
- 840.6) | 922.8 | 
1050:8 | 1163.6 - 
Q 1260.9 40°1384.3 ~ 
AZ te 1 8161 g.0 
- 1681.2 1845.7 
» 1891.3 | 2076.4 
- 2101.4 2307.1 


42 0219 
6304.4 
8405.9 
T0507.4, 
12608.9 


1471004 
16811.8 
1891 3.3 
21014:8 
42029.6 


4014.3 
6921.4 
1922 8.6 

11535-7 

13842.9 
161500 
18457.2 
20764.3 | 
22071.5 | 
46143.0 | 


‘power of the engine muft be fufficient for the 


weight of the rod, in order to bring it up. 
_ 2. It is known, that the atmofphere preffes 


upon the furface of the earth with a force equal — 


tO 15 pounds upon every fquare inch, 
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3. When water 1S heated to a certain. degree, 


the particles thereof’ repel one another, and con. 
ftitute an’ elaftic fluid, which i is generally called 
Feam Or Vapour. 

4. Hot fteam ‘is very élattic ; sJand when it is 
cooled by any means, particularly by ‘its being 
mixed with cold water, its elafticicy is deftroyed 
immiediately,-and it is reduced to water .acain, 

. If a veffel be* filled with hot fteam, and 
be fie clofed, fo as to keep out the externa! air, 
and all other fluids; when that fteam is by any 
medns coridenfed, cooled? -or reduced to water, 
that water will fall to’ the bottom of the veflel ; 
and the cavity of the wate will be, almoft’ a per- 
fect vacuum. 

6. Whenever a vacuum is made ih any veflel; 
the air by its weight will endeavour to rufh into 
the veffel, or to * drive in any’ other body that 
will give way to'its preffures as miay be eafily 
feen by a Common fyringe: For, if you ftop 
the bottom of a ee and then draw up the 
pifton, if’ it be fo tight as" to drive otit'all the 


air before it, and leave ‘a vacuum: within the 


_fyringe, the pifton: being Tet’ gO will BE; driven 
| down with a great force. 

9, The force with which the pifton” is'drove 
down; when’ there is a vacuum under it, will be 
as the fquare of a diameter of the bore | in the 
fyringe. That is to fay, it Will be driven down 
with four times as much force in’ a fyrihoe of a 
_ two-inch bore, as ina fyringe of one inch: for 
the’areas of ‘circles are always as, the quates of 
their diameters. 

*-'8: The- préffure of ‘the idnstphete being 
equal to #5 ‘pounds upon a fquare inch, it 
will be almoft-equal to0°12-pounds upona ir- 
cular inch, So that if the bore of the fyrir ge 
L be 


? 
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be round, and one inch in diameter, the pilton, 
will be preft down into it by a force nearly equ 


to 12 pounds: but if the bore be two inches 


diameter, the pifton will be preft down with — 
four times that force... 

And. hence it is ealy to find with what. force 
the atmofphere preffes upon. any given number 


either of {quare or circular inches, 


Thefe being the principles upen which this 
engine is conftruéted, we fhall next defcribe the 
chief working; parts of it: which are, 1. A 
Betas dBi canes and, pifton. 3.. A, beam 
or lever. 

The doiler is a large veffel made of i iron. or 
copper 3, and commonly fo big, as to contain 
about 2000 gallons. 

The cylinder is about 40 inches pts Ba 
bored fo fmooth, and its leathered pifton fitting 
fo clofe, that little or no water can get. between 
the pifton and fides of the cylinder. 

Things being thus prepared, the cylinder is 
placed uptight, and the fhank of the piiton 1s 
fixed to one end of the deam, which turns on a 
center like a common balance. 

The boiler is placed: under the cylinder, with — 
4 communication between them, which can be © 
opened and fhut occafionally. 

The boiler is filled: about. half. full of. water, 
and a ftrong fire is made. under it: then, if the 
communication between the boiler and the cy- 
linder be opened, the cylinder will.be filled,with 
hot fteam; which would drive the pifton quite 
out at the top.of ir. But there is a.contrivance 
by which the pifton, when it is near the top of 
the cylinder, fhuts the. communication at rhe 
top of the beiler within, 

This 
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This is no fooner-fhut, than another js opened 
by which 4 little cold water is thrown upwards 
in a jet into the cylinder, which mixing with the 
hot fteam, condenfes it itnmediately ; by which 
means a vacuum is made in the cylinder, and 
the pifton is prefled down by the weight of the 
atmofphere 5 and fo lifts up the loaded pump- 
tod at thé other end of the beat. 

If the cylinder be 42 inches in diameter, the 
piftoh will be preffed down with a force greater 
than 20000 pounds, and will confequently lift 
up that weight at the oppofite end of the beam : 
and as the’ pump-fod with its plunger is fixed 
to that end, if the bore where the plunger works 
weré to inches diameter, the water would be 
forced up through a pipe of 180 yards perpens 
dicular height, | 

But, as the parts of this engine have a good 
deal of friction, and muft work with a confie 
derable velocity, and there is no fuch thing as 
making a perfect vacuum in the cylinder, it is 


found that no more than 8 pounds of preffuré. 


moft be allowed for, on every circular inch of 
the pifton in the cylinder, that it may make 
about 16 ftrokes in a minute, about 6 feet 
each. : Fede a 

Where the boiler is very large, the pifton 
will make between 20 and 25 ftrokes in a mi- 
hute, and each ftroke 7 or 8 feet ; which, ina 
pump of 9g inches bore, will raife upwards of 
300 hogfheads of water in an hour, 
, At is found by experience that a cylinder, 40 
inches diameter, will work a pump 10 inches 
diameter, and ro@ yards long: and hence we 
can find the diameter and length of a pump, 
that can be worked by any other cylinder.’ 


L 2 For 
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For the conveniency of thofe who would — 


make ufe of this engine for raifing water, we 


fhall fabjoin part of a.table calculated by Mr. 


— Beighion, fhewing how any given quantity of 
water may be raifed in an-hour, from.48 to.440 
chogfheads; at any given depth, from 15, to 
-10o yards; the machine working at the rate 


of 16 ftrokes per minute, and each ftroke being 


6 feet long. 
One example of the ufe of t 


Lia weab len Will 


make the whole plain. Suppofe it were required 
to draw 150 hogfheads per hour, at go yards — 
depth; in the fecond column from the right — 
hand, I find the neareft number, viz..149 hogf- — 


heads 40 gallons, againft which, 


on the right 


hand, I find the diameter of the bore of the pump 
collateral line, — 
under the given depth go, I find 27 inches, the © 
diameter of the cylinder fit for that purpofe— — 


mutt be 7 inches ; and in the fame 


And, fo. for any other. 


A Table > 
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Hydraulic Table. 
This table is calculated to the meafure of ale 


lons, at 282 cubic inches ger gallon. 
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PlateXTIT. 


Of Hydraulic Engines. 
Water may be raifed by means of a ftream 


_'ThePer- 4B turning a wheel C D E, according to the 


flan 


wheel. 


order of the letters, with buckets a, a, a, a, &c. 
hung upon the heel by ftrong pins J, b, b, 2, - 
&c. fixed in the fide of the rim: but the wheel 
mutt be made as high as the water is intended 
to be raifed above the level of that part of the 
ftream in which the wheel is placed. As the © 


~ wheel turns, the buckets on the right-hand go 


down into the water, and are thereby filled, and 
co up full on the left-hand, until they come to 
the top at K, where they ftrike again{t the end © 
# of the fixed trough M, and are thereby over- — 
fet, and empty the water into the trough ; from 
which it may be conveyed in pipes to ihe place 
which it is defioned for: and as each bucket 
gets over the rough, it falls into a perpendi- — 
cular pofition again, and goes down empty, 
until it comes to the water at 4, where it is 
filled as before. On each bucket is a fpring 7, 
which going over the top or crawn of the bar mz 
(fixed ta the trough M) raifes the bottom of the 
bucket above the level of its mouth, and fo 

caufes it to empty all its water into the trough, 
Sometimes this wheel is made to raife water 
no higher than its axle; and then, inftead . 

buckets hung upon it, its {pokes C, d, e, f,g, b 
are made of» a bent form, and hollow wien ; 
thefe hollows opening into the holes C, D, E, F; 
in the outfide of the ‘wheel, and alfo into thofe 
at O in the box NV upon the axle. So that, as 
the holes C, D, &c. dip into the water, it runs 
into them; and as the wheel turns, the water 
-rifes in the hollow fpokes, ¢, d, &c. and runs 
‘out in a ftream P from the holes at O, and falls 
inio the trough 9, from whence it is conveyed 
by pipes. And this is a very eafy way of railing 
water, 
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water, becaufe the engine Fequites neither men 
‘nor horfes to turn. 

The art of weighing different bodies in water, OF the 
and thereby finding their Specific gravities, or {pecifie 
weights, bulk for bulk, was invented by Ar- relies 
CHIMEDES; Of which we have the following ~ boar 
aACCOUNL : | 

Hiero, king of phate ete employed a 
-goldfmith to make a crown, and given hima 
ma{fs of pure gold for that purpole, fufpected 
that the workman had kept back part of the 
gold for his own ufe, and made up the weight 
by allaying the crown with copper. But the 
king not knowing how to find out the truth of — 
that matter, refented it 'to Archimedes ; who 
having ftudied a long time in vain, found it out 
at laft by chance. For, going into a bathing 
tub of water, and obferving phi he thereby 
raifed the water higher in the tub than it was 
before, he concluded inflantly that he had raifed 
it juft as high-as any thing elfe could have done, 
that was exactly of his bulk: and confidering / 
that any other body of equal weight, and of leds 
bulk than himfelf, ‘could not have raifed the 
water fo high as he did; he immediately told 
the king, that he had found a method by which 
he could difcover whether there were any cheat. 
in the crown. For, fince gold is the heavieft 
of all known metals, it muft be of lefs bulk, 

- according -to its weight, than any other metal. 
And therefore he defired that a mafs of pure 
gold, equally heavy with the crown when 
: weighed in air, fhould be weighed again{t 
it in water; and if the crown was not allayed, 
it would counterpoife the mafs of gold when 
they were both immerfed in water, as well as it 
did when they were weighed in air. But upon. 
by making 
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: Of the fpecific Gravities of Bodies. 7 
making the trial, he found that the mafs of 
gold weighed much heavier in water than thé 


crown did) And ‘not only fo, but that, when — 


_ the mafs and crown were immerfed feparately 


in’ one veflel of water, the crown raifed the 


water much higher than the mafs did; which 


The hy- 
droftatic 


balance. 


How to 
find the 
{pecific 


gravity of 
any body . ‘oht 
~. «+ mediately deftroyed. Then, if as much weight 


fhewed it to be allayed with fome lighter metal 
that increafed its bulk. And fo, by making 


trials with different metals, all equally heavy . 
~ with the crown when weighed in air, he found 


out the quantity of alloy in the crown. ~ 

' The -fpecific: gravities of bodies are as their 
weights, bulk for bulk ; thus a body is faid tq 
have two or three times the fpecific gravity of 


another, when it contains two or three times ag 


much matterin the fame fpace.* — 
- A body immerfed in a fluid will fink to the 
bottom, if it be heavier than its bulk of the 
fluid. If it be fufpended therein, it will lofé 
as much of what it weighed in air, as its bulk 


of the fluid weighs. “Hence, all bodies of equal — 


bulks, which would fink in fluids, lofe equal 
weights when fufpended therein.’ And unequal 
bodies lofe in proportion to their bulks. stad 

The bydroftatic balance’ differs very little 
from a common balance that’ is nicely made: 


only it has*a hook at the bottom of each feale, 


on which fmall weights may be hung by horfe- 


hairs, or by filk threads. So thata body, fu 


pended by the hair or thread, may be immerfed 


in water without wetting the fcale from which 


it hanes, > | : | 
If the body ‘thus fufpended under the feale, 

at one end ‘of the balajice, ‘be firft'counterpoifed 

in air by weights in the oppofite feale; and then 


immeried in water, the equilibrium will be im- 


be 
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be put into the fcale from which the body hangs, 
as will reftore the equilibrium (without altering 
the weights in the oppofite fcale) that weight, 
which reftores the equilibrium, will be equal to 
the weight of a quantity of water as big as the 


immerfed body. And if the weight of the body. 


in air be divided by what it lofes in water, the 
quotient will thew how much that body is hea- 
vier than j its bulk of water. Thus, if a guinea 
fufpended in air, be counterbalanced by 129 
erains in the oppofite fcale of the balance; 5; and 
then, upon its’ being immerfed i in water, it be- 
comes fo much lighter, as to require 7+ grains 
put into the feale over it, to reftore the equili- 
brium, it fhews that a quantity of water, “of 
equal bulk with the guinea, weighs 7% grains, 


or 7.253 by which divide 129 (the weight of © 


the guinea in air) and the quotient will be 
17.793 3 which fhews that the guinea is 17.793 
times as heavy as its bulk of water. And thus, 
any piece of gold may be tried, by weighing it 
firft in air, id then in water; and if upon 
dividing the weight in air by the lofs in water, 
the quotient comes out to be 17.793, the cold 


is good; if the quotient be 18, or between 18 


and 1g, the gold is very fine; but if it be lefs 
than 17. the gold is too much alla ayed, by be- 
ing. mixed with fome other metal. 

‘Tf filver be tried in this manner and found 
to be rn times as heavy as water, it 1s very 
fine; if it be 10+ times as heavy, it is itand- 
ard; but if it be’ of any lefs weight compared 
with water, It is mixed with. fome lighter me- 
tal, fuch as tin. ; 

By this method, the fpecific gravities of all 
bodies that will fin in water, may be found. 
But as to thofe W hich are bet than water, as 

moft 


es 
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mott forts of wood are, the following method — 
may be taken, to fhew how much lighter they 
are than their refpective bulks of water, 

' Let an upright ftud be fixed into a thick flat 
piece of brafs, and in this ftud let a finall lever, 
whofe arms are equally long, turn upon a fine 
pin as an axis. Let the thread which hangs 
from the fcale of the balance be tied to one end 
of the lever, and a thread from the body to be 
weighed, tied to the other end. ‘This done, 

‘ put the brafs and lever into a veffel; then pour 
water into the veffel, and the body will rife and 
float upon it, and draw down the end of the 
balance from which it hangs: then, put as much 
weight in the oppofite fcale as will raife that end 
of the balance, {0s to pull the body down into 
the water by means of the lever; and this 
weight in the fcale will fhew how much the body 
is lighter than its bulk of water. | 

There are fome things which cannot be *~ 
weighed in this manner, fuch as quickfilver, 

_ fragments of diamonds, &c. becaufe they can- 

_ not be fufpended in threads; and muft therefore 
be put into a glafs bucket, hanging by a thread 
from the hook of one fcale, and counterpoifed 
by weights put into the oppofite feale. Thus, 
fuppofe you want to know the fpecific gravity 
of quickfilver, with refpeé to that of water; let 
the empty bucket be firft counterpoifed in air, 
and then the quickfilver put into it and weighed. 
Write down the weight of the bucket, and alfo 
of the quickfilver; which done, empty the — 
bucket, and let it be immerfed in water as it 
hangs by the thread, and counterpoifed therein — 
by weights in the oppofite fcale: then, pour 
the quickfilver into the bucket in the water, 
which will caufe it to preponderate ; and put as 

njuch. 
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. much weight into the oppofite fcale as will re- 
ftore the balance to an equipoife; and this 
weight will be the weight of a quantity of water 
equal in bulk to the quickfilver. Laftly, di- 
vide the weight of the quickfilver in air, by the 
weight of its bulk of water, and the quotient 
will fhew how much the quickfilver is heavier 
' than its bulk of water. ial | 

Ifa piece of brafsy glafs, lead, or filver, be 


immerfed and fufpended. in different forts of | 


fluids, the different loffes of weight therein will 
fhew how much it 1s heavier than its bulk of the 

fluid ; the fluid being lighteft in which the im- 
merfed body lofes leait of its aerial weight. A 
folid bubble of glafs is generally ufed for finding 
the fpecific gravities of fluids. 

Hence we have an ealy method of finding the 
fpecific gravities both of folids and fluids, with 
regard to their refpective bulks of common 
pump water, which is generally made a ftand- 
ard for comparing all the others by. 


In conftructing tables of {pecific gravities with — 
accuracy, the gravity of water muft be repre-- 


fented by unity or 1.000, where three cyphers 
are added, togive room for expreffing the ratios 
of other gravities in decimal parts, as in the 
following table. 


A Table 
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. and fluid bodies. 


‘Troy weight. 


A cubic inch of 


ae 


{Very fine gold - {io 7 3.83] r 5.80 
Standard gold - } 9 19. 6.44|10 14.90 
Guinea gold - | 9 7 17:18}10 4.76 
Moidore gold - | 9 0 19.84] 9 14.7! 
Quickfilver - -} 7 7 11-61) 8 1.45 
Lead =) Teh S EQN RSS |: O :9.08 
Fine filver - -| 5 16 23:23] 6 6.06 
Standard filver - | 5 11 3-36) 6 1.54 
Copper - = | 4 13.97.04] 5 1.89 
Plate-brafs - | 4 4 9-60] 4 10.09 
Steel <1 Ate ag 202 Fg eae7 0 
fron - - =) | 4 0 F520) 4° 0.77 
‘Block tin - -| 3.17 5-681.4 3-79 
iSpeltar  - = | 3.14 12.86) 4 1.42 
Lead ore - .- | 3 11 17-76} 3 14.960 
1Glafs of antimony} 2 15 16.89} 3 0.89 
Germanantimony| 2 2 4.80/ 2 5.04 
Copper ore - aye, ¥1,084 2" es 
Diamond - = | 1 15 20.88{-1 15.48 
Clear glafs - -| 113 5-58] 1 13.16 
Lapis lazuli - -| 1 12 5.27) I 12.27 
Welch afbeftos - | 1 10 17.57} 1 10.97 
White marble - | 1 8 13.41] I 9.06 
Black ditto - | 1 8 12.65} 1 9.02 
\Rock cryftal -]1 8 1.00] 1 8.61 
Green glafs - -| 1 7 15.38] 1 8.26 
Cornelian ftone -| § 7 1.21] I 7-73 
Flint —- A PAO WDigu82 rg sae 
Hard paving fone] «5 22.87} 1 6.77 
Livefulphur - | r I 2.40) I 2.52 
{Nitre - - -|1 © 1,08] 1 1.59 
Alabafter - -{0 19 18.74} 1 1.35 
Dry ivory - -| 019 6.09} 1 0.89 
\Brimftone - +] 0 18 23-76| 1 0,66 
Alum - - +{| 017 21.92[ 0 15.72 


Avoirdup.fCompa- 
-| rative [> 
oz. pw. gr. oz. drams. | weight. 


A Table of the {pecific gravities of feveral folid 


19.637 
18.8881 
17-793] 
17.140 


14.019 
} 11.325 


11,087 
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| Droy, weight. | Avoirdup,, 


a 


{Ebony 20 =) 
Human blood: | - .J- 
Amber - = 
Cow’s milk Tee ay" 
Sea Water - -| 
Pump water’ ~ -| 0 
Spring water - 
Diftilled water - 
Red winei =) =} 
Qil-of, amber). .- 
‘Proof.fpirits, 


7 


Pure fpirits -  -| 
Spirit of turpentine] 
| Oi of turpentine 
Dry crabtree > - 
Saffafras‘wood -» 
Coiba: payhir 


0000000000000 cSooo0o] 


PA eecowworo 


_. ‘Take away the decimal points from the num- 
bers in the right-hand column, or (which is the 
fame) multiply them) by 1000,,and they. will 
fhew how many ounces: avoirdupoife are con- 
tained in-a cubic foot of-each-body. .) 5), |. 
| The ufe of the table of dpecific, grayities will 
belt appear by an example... Suppole a body to 
be compounded of gold,and filver,..and it.is re; 
quired to find the quantity, of,cach,,metal in 
the compound. .. ured, fesich 

Firft find the fpecific gravity,.of the com. 
pound, by weighing it-in air and.in water, and 
dividing its aerial weight by what it lofes there- 
of in water, the quotient will fhew its {pecific 


7 


oravityy. 
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Lxample, Pei. oak 
Suppofe the fpecific gravity of the compound. 
ed body be 13 that of ftandard filver, (by thé 
table) is 10.5, and that of gold r9.63/ therefore 
10.5 from 13, rémains 2.5, the proportional | 
bulk of the gold; and 13 ftom 19.63, rénidins 


6.63 the proportional bulk of filver in the com- 


How to 
try fpiri- 
tuous li- 
-quors. 


pound, ‘Then, the firit remainder 2.5, multi- 
plied by 19.63, the fpecific gravity of gold, 
produces 49,075 for the proportional weight of 
gold; and the lat remainder 6.63 multiplied — 
by 10.5, the fpecifie gravity of filver; produces — 
69.615 for the proportional weight of filver in 
the whole body. So that for every 49.07 ounces 
or pounds of gold, there are 69.6 pounds of 
ounces of filverin the body. 
Fience it is eafy to know whether any fufpect- 
ed metal be genuine, or allayed, or counterfeit; 
by finding how much it is heavier than its bulk 
of water, and comparing the fame with thé 
table: if they agree, the metal is good; if they — 
differ, itis allayed or counterfeited. — yy 
A cubical inch of good brandy; rum, or other 
proof {pirits, weighs 235.7 grains; therefore, if 
a true inch cube of any metal weighs 235.4 
grains lefs in fpirits than in air, it fhews the 
ipirits are proof. If it lofes lefs of its aériat 
| weight 


Of the fpecific Gravities of Bodios. 16a 
weight in fpirits, they are above proof; if itlofeg 
“more, they are under. For, the better the 
{pirits are, they are the lighter; and the worfe, 
the heavier, All bodies expand. with heat and 
contract. with cold, but fome more and fome lefs 
than others. And therefore the fpecific gravities 
of bodies are not precifely the fame in fummer 
as in winter. It has been found, that a2 cubic 
inch of good brandy is io grains heavier in win- 
ter'than in fummer; as much fpirit Of nitre, 20 
grains; vinegar 6 grains, and fpring-water 3. 
Hence it is moft profitable to buy fpirits in 
winter, and fell them in fummer, fince they are 
always bought and fold by meafure. It has 
been found, that 32 gallons of fpirits in winter 
will make 33 in fummer, ate , 

The expanfion of all fluids is proportionable 
to the degree of heat; that is, with a double or 
triple heat a fluid will expand two or three times 
as much. | a | 
__ Upon thefe principles depends the conftruc- The ser. 
tion of the thermometer, in which the globe or momcter. 
bulb, and part of the tube, are filled with a- 
fluid, which, when joined to thé barometer, is 
{pirits of wine tinged, that ic may be more eafily 
feen in the tube. But when. thermometers are | 
made by themfelves, quickfilver is generally 
ufed. , i . 

In the thermometer, a fcale is fitted to the 
tube, to fhew the expanfion of the quickfilver, 
and confequently the degree of heat. And, as 
Pabrenbeit’s {cale is moft in efteem at prefent, I 
fhall explain the conftrudtion and graduation of 
thermometers according to that {cale, 

- Firft, Let the globe or bulb, and part of the 
tube, be filled wich a fluid; ‘then immerfe the 
bulb in water juft freezing, or fhow jutt thaw. 

ING 3 


163 
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ing ; and even with that part in the fcale where 
the fluid then ftands in the tube, place the num- 
ber 32, to denote the freezing point: then put 
the bulb under your arm-pit, when your body is 
of a moderate dégree of heat, fo that it may 
acquire the fame degree of heat with your fkin 5 
and when the fluid has rifen as far as it can by 


that heat, there place the number 97: then 


divide the fpace between thefe numbers into 65 
equal parts, and continue thofe divifions both 
above 97 and below 32, and number them ac- 
cordingly. ie ie ee 
This may be done in any part of the world ; 
for it is found that the freezing point is always 
the fame in all places, and the heat of the human 
body differs but very little; fo that the thermo- 
meters made in this manner will agree with one 
another; and the heat of feveral bodies will be 
fhewn by them, and expreffed’ by.the numbers 
upon the fcale, thus. © iit Be eee 
Air, in fevere cold weather, in our climate; 
from 15 to 25. Air in winter, from 26 to 42. 
Air in {pring and autumn, from 43 to 53. Ait 
at midfummer, from 65 to 68. Extreme heat 
of the fummer fun, from 86 to too. Butter 
juft melting, 95. Alcohol boils with 174 or — 
175. Brandy with'1g0o. Water 212. Ojl of © 

turpentine 550. Tin melts with 408, and lead 
with 540. Milk freezes about 30, vinegar 28, 

and blood 27. 2 Wee te 3 - 
A body fpecifically lighter thdn a fluid will 
fim upon its furface, in fuch a manner, thatd 
‘quantity of the fluid equal in bulk with the 
immerfed part of the body, will be as heavy as 
‘the whole body. Hence, the lighter a fluid i8; 
the deeper a body will fink init; wpon which 
depends 
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depends the conftruction of the. bydrometer - or. 


’ 


water-poile, 


+ 


fron this we can eafily find the weight of a How the 
fhip, or any other body that floats in water, weight of 
For, if. we multiply the number of cubic eer 22"? a 
which, are under the furface, by,. 62.5, the ey ie 
number, of pounds in one foot. of frefh water ; eftimated, 
or by 64.4,-the number of pounds in 2 foot of 
falc water; the product will be the weight of 
the fhip, and all that is in it. For, fince it is 
the weight of the thip that difplaces the water, 
it muft continue to fink until ic has remaved as 
much water as is equal to it in weight; and 
therefore the part.immerfed muft be.equal in 
bulk to fuch a portion of the water as is equal 
to the weight of the whole fhip. 
_. To prove this by experiment, let a ball of 
fome light wood, fuch as fir or. pear-tree, be 
put into water contained in a glafs veffel; and 
Jet the veffel be put into a feale at one end of a 
balance, and counterpoifed by weights in the 
-oppofite fcale : then, marking the height of the 
water in the veffel, take out the ball; and fill 
up the veflel with water to the fame height that | 
it {tood at when the ball was in it; and the fame 
_ weight will counterpoife it as before. | 
__ From the veffel’s being filled up to the fame 
height at which the water ftood when the ball 
_was in it, it is evident that the quantity poured 
in is equal in magnitude to the immerfed pare 
of the ball; and from the fame weight coun- 
terpoifing, it is plain that the water poured in, 
is equal in weight to the whole ball. 
_ In troy weight, 24 grains make a penny- 
weight, 20 pennyweight make an ounce, and 
12 ounces a pound.. In avoirdupoife weight, 
46 drams. make an aqunce, and 16 ounces a ~ 
M ~ pound. 
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pound. The troy pound contains 5760 grains, 


and the avoirdupoife pound 7000; and hence, _ 


the avoirdupoife dram weighs 27.34375 grains, 


and the avoirdupoife ounce 437.5. | 

Becaufe it is often of ufe to know how much | 
any given quantity of goods in troy weight do 
‘make in avoirdupoife weight, and the reverfe; _ 
we fhall here annex two tables for converting — 


thefe weights into one another. Thofe from 


"page 134 to page 146 are near enough for com- 
mon hydraulic purpofes ; but the two following 


are better, where accuracy is required in com- 


paring the weights with one another: and I. 


find, by trial, that 175 troy ounces are precifely 
equal to 192 avoirdupoife ounces, and 175 troy 
pounds are equal to 144° avoirdupoife. And 
although there are feveral leffer integral num- 
bers, which come very near to agree together, 
yet Ihave found none lefs than the above to 


“Agree exactly. Indeed 41 troy ounces are fo 
nearly equal to 45 avoirdupoife ounces, that the — 
. Jatter contains only 74 grains more than the for- 
mer: and 45 troy pounds weigh only 7~ drams — 


mote than 37 avoirdupoife. 
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Avoirdupoife Weight reduced into Troy. 


The two following examples will be fufficient 
to explain thefe pi 9 tables, and thew their agree= 
ment. oe Cl a a : 


Ex. I. <i 6835 pounds 6 ounces g pennyweights 
6 grains Troy, Qu. How much Ae eh 
vr Seas ? (See page yee ) | 


Avoir siopéifen 


lb. oz. drams. 
r4000 f 3291 6 13.68» | 
LRG Hace 164511 6.84 
Pounds! 800 }:.658 4 9.14 
troy) 2207p) 165 7) 5.03 - 
a | 10 B pile id. p 2: 
Lo magn 451° 13.25 
oz 6 Gi 9232 
suman Page 
or. 6 22 


i Anfiwer.. babagat? 11.90 


nia If. In aad soln ro ounces 12 drams- 


Pub hvont Qu. How much Troy weight ? ? 
(See page 166. voc | 


Ib. oz. pw. ote! 


ga 4000 | 6076 42 13> & 
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imavoirds: je o2dt| Sasg4elg (ages Borne 
Ree xs 4°) A ro: 6 16) 
1 202) 2210) KH QS io Rony 
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CY oar OF Pueninatics, 
Of Pheumatics. 
PAN HIS fcience treats of the nature, weight, 
preffure, and {pring of the air, and the 


effects arifing therefrom, 
The air is that thin tranfparent fluid body in 


perties of which we live and breathe. It encompaffes the 


air, 


whole earth to a confiderable height; ‘and, to- 
gether with the clouds and vapours that float in 
it, it iscalled the atmofphere. The air is juftly 
reckoned among the number of fluids, becaufe 
it has all the propertiesby which a fluid is dif- 
tinguifhed. For, it yields to the leaft force 
impreffed, its parts are eafily moved among one 
another, it prefies according to its-perpendicu- 
lar height, and its preffure is every way equal. 


en ee eee ee ome 


ee a ee ee ae ee 


eS oe et oe 


That the air isa fluid, confifting of fuch 


particles :as ‘have no cohefion betwixt them, but 
éafily ghde over one another, and yield to the 
flichteft impreffion, appears from \that.eafe and 


freedom with which animals breathe in it, and — 


move through lit without any difficulty or fen- 
fible refiftance. «> Shee 

But it differs from all other fluids in the four 
following particulars: 1. It can be‘comprefied 
into a much lefs {pace ‘than what it. naturally 


poffeffeth, which no other fluid can. 2. It cannot — 


be congealed or fixed, asother fluids may. 3. It 
is Of .a different denfity in: every part, upward 
fromthe earth’s-furface, decreafing in‘its weight, 


bulk for bulk, the higher it fifes ; and therefore . 
muft alfo decreafe in denfity. 4. It is of an 


Me elaftic 


Of Pneumatics. 
elaftic or fpringy nature, and the force of. its 
{pring is equal to its weight. 7 
That air is a body, is evident from its ex- 


cluding all other bodies out of the {pace it pof- _ 


feffes: for, if a glafs jar be plunged with its 
mouth downward into a veflel of water, there 
will but very little water get into the jar, becaufe 
the air of which it is full keeps the water out. 
As air is a body, it muft needs have gravity 
or weight: and that it is weighty, is demon- 
{trated by experiment. For, let the air be 
taken out of a-veffel by means of the air-pump, 


then, having weighed the veffel, let in the air_ 


again, and upon weighing it when re-filled with 


air, it will be found confiderably heavier. ‘Thus, 


a bottle that holds a wine-quart, being emptied 
of air and weighed, is found to be about 16 
grains lighter than when the air is let into it 


again; which fhews that a quart of air weighs 


17 grains. But a quart of water weighs 14621 
grains; this divided by 16, quotes 914 in round 
numbers; which fhews, that water is 914 times 
as heavy as air near the furface of the earth. 

As the air rifes above the earth’s furface, it 
grows rarer, and confequently lighter, bulk for 
bulk. For, becaufe it is of an elaftic or {pringy 
nature, and its lowermoft parts are prefied with 
the weight of all that is above them, it is plain 
that the air muft be more denfe or compact at 


the earth’s furface, than at any height above it; 


and gradually rarer the higher up. For, the 
denfity of the air is always as the force that 
comprefieth it; and therefore, the air towards 
the upper parts of the atmofphere being lefs 
prefled than that which is near the earth, it will 
‘expand itfelf, and thereby become thinner than. 
atthe earth’s furface. 3 
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-) Dre Cotes chas demonftrated, that) if-altitudes 


in the air be taken» in arithmetical proportion, 
“the rarity of the air will be in Saale ye ig 
portion. For inftance, | 
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~ And hence it is ef to prove by culcalationl, 
that a cubic inch of fuch air as we breathe, 


‘would be fo much rarefied at the altitude of 500 


miles, that ic would fill a {phere equal in dia- 


eer to the orbit of Saturn. 


The weight or preffure of the air is endl 
Heveriniried by the following experiment. 
* Take a plafs tube about three feet long, and 


‘open: at one end; fll it with. quickfilver, and 
“putting your finger upon the open end, turn 


Sp end downward, and immerfe it into a {mall 
vetlel 


i Sete see ee eo 
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 weffel of quickfilver, without letting ‘in any air: 
- then take away your finger; and the quickfilver 
will remain fufpended in the tube 294 inches 
-above its furfaceiin theiveffel,; fometimes more, 
and at other times lets, as the weight of the 
air is varied by winds and other caufes. That 
the quickfilver is kept up in the tube by the 
preffure of the atmofphere upon that in the ba- 
fon, is evident ; for, if the bafon and tube be 
put under a glafs, and the air be then taken out 
of the glafs, all the quickfilver in the tube will 
fall down into the baton ; ‘and if the air be let in 
again, the quickfilver will rife to the fame 
height as before. Therefore the air’s preffure 
on. the furface of the earth, is equal to the 
weight of 294% inches depth of quickfilver all 
over the earth’s furface,- at a mean rate. . 

A fquare column: of quickfilver, 294 inches 
high, and one inch thick, weighs juft 15 
pounds, which is equal to the: preffure of air 
‘upon every {quare inch of the earth’s furface,; 
and 144 times as much, or 2160 pounds, upon 
every fquare foot; becaufe a iquare foot con- 
tains 144 fquare inches, At this rate, a middle- 
fized man, whofe furface may be about 14 fquare 
feet, fuftains a prefflure of 30240 pounds, 
when the air is of a mean gravity: a preflure 
which would be infupportable, .and even fatal 
to us, were it not equal on every part, and 
counterbalanced by the fpring of the air within 
us, whichis diffufed through the whole body ; 
and re-acts with an equal force agai ft the out- 
ward preffure. | . | | 

Now, fince the earth’s furface contains (in 
round numbers) 200,000,000 fquare miles, 
and every fquare mile 27,878,400 {quare feet, 
there muft be 5,575,680,000,000,000 Sele 
‘ eet 
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feet on the earth’s furface ; which multiplied by 
2160 pounds (the preffure on each fquare foot) 
gives 12,043,468,800,000,000,000 pounds for 


the preffure or weight of the whole atmo- 


fphere. 


When the end of a pipe is immerfed in water, 


and the air is taken out of the pipe, the water 


will rife in it to the height of 33 feet above 
the furface of the water in which it is immerfed; 
but will go no higher: for it is found, that a— 
common pump will draw water no higher than 
33 feet above the furface of the well: and unlefs 
the bucket goes within that diftance from the 
well, the water will never get above it. Now, 
as it is the preflure of the atmofphere, on the 
furface of the water in the well, that caufes the 
water to afcend in the pump, and follow the 
pifton or bucket, when the air above it is lifted 
vp; it is evident, that a column of water 33 


feet high, is equal in weight to a column of 
quickfilver of the fame diameter, 294 inches — 


high ; and to as thick a column of air, reach-— 
ing from. the earth’s furface to the top of the 
atmofphere. 
‘In ferene calm weather, the air has weight 
enough to fupport a column of quickfilver 31 _ 
inches high; , but in! tempeftuous ftormy wea- 
ther, not above 28 inches. The quickfilver, 
thus fupported in a glafs tube, is found to bea» 
nice counterbalance to the weight or preffure of 


athe air, and to fhew is alterations at different — 


times. And being now generally ufed to de- 
note the changes in the weight of the air, and 
of the weather confequent upon them, it is 
called the barometer, or weather-glafs. ’ 
The prefiure of the air being equal on all 
fides of a body expofed to it, the fofteft bodies 
| | fuftain 


Of Pneumatics, ie 
fuftain this preflure without fuffering any change 


in their figure ; and fo do the moft brittle bodies : 


without being broke. 
_ The air is rarefied, or made to fwell with 


73 


heat ; ; and of this property, wind is a neceflary Thecaufe 
confequence. For, when any, part.of the air is of winds, 


heated by the fun, or otherwife, it will fwell, 
and thereby affect the adjacent air: and, fo, by 
various degrees of heat in different places, there 
will arife various winds, 


When the air is much Neatedy: it will afcend : 


towards the upper part of the atmofphere, and 
the adjacent air wili rufh in to fupply its place; 
and therefore, there will be a ftream or current 


of air from all parts towards the place where | 


the heat is. - And hence we fee the reafon why 
the air rufhes with fuch force into a glafs-houfe, 


or towards any place where a great fire is made. 


And alfo, why {moke is carried up a chimney, 
and why the air rufhes in at the key-hole of the 
_ door, or any {mall chink, when there is a fire 
intheroom. Sowe may take it in general, that 
the air will prefs towards that part of the world 
where it is moft heated. 


Upon this principle, we can eafily account for The 


- 


the trade-winds, which blow conftantly from eaft trade- 


to weft about the equator. For, when the fun 
fhines perpendicularly on any part of the earth, 
it will heat the air very much in that part, w vabich 
air will therefore rife upward, and when the fun 
withdraws, the adjacent air will ruth in to fill its 
place ; and confequently will caufe a ftream or 
current of air from all parts towards that which 
is moft heated by the fun.. But.as the fun, with 
refpect to. the earth, moves from eaft to weft, 
the common courfe of the air will be that way 
too ; continually apstbng after the fun: and 
| therefore, 


Wwihass 


ays 
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therefore,’ ‘at the equator, Where the fun thities 
Strongly, there willbe a continual’ wind from 


the eaft ; but, on the north fide, it will incline 
4 little to fie north, and on the fouth: fide, to 


the fouth. 2i BRIG .YIT 


This. general’ cote br sé wits about elie 


- eqitator, ‘is changed’ in feveral places, “and 


"The mon 


fii. 


upon feveral accounts; as, 1. By exhalations 
that 'rife‘out of the edtehi at: etait times, and 
from certain, places; in eatthquakes, and from 


volcanos. 2. By the falling of great quanti- 


thes of rain, caufing thereby ‘a. fudden conden- 
fation or’ contraction of the air.’ 3. By burn- 
ing fands, that often retain’ the folar heat to'a 
degree incredible to thofe who have ‘not felt. it, 


caufing a more than ordinary rarefaction of the ' 


air contiguous to them. 4. By ‘high moun- 
tains, which alter the direétion’ of the ‘winds 
in ftriking againft them. 5.'By the declina- 
tion of the fun towards the north or fouth, 
heating the air on’ the north or fouth fide of the 
equator. Nertbes 

To thefe and fuch hike ees is Owing, I. The 
irregularity and uncertainty of winds in climates 


' diftant from the equator, as in moft parts of | 
Europe.” 2. "Thote® periodical “winds, ‘called 


monfoons, which in the’ /udian feas blow half @ 
year one way, and> the other’ half another. 
3. Thofe winds which on the coaft of Guiney, 
and on the weftern coafts of America, blow-al- 
ways from weft to eait. — 4. The: fea-breezes, 
which, in hot countries, blow’: generally’ from 
fea to land, in the day-time; ‘and the land 
breezes, HICH blow inthe night; ‘and, in fhort, 
all thofe ftorms, hurricanes, whirlwinds, and 
irregularities, which I happen at i oa times 
and plats, 


, eas 
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. }All common. air, is impregnated. with a cer, Thevivi- 
\tain kind of vivifying /pirit or, quality, which isis /- 
neceflary to continue the, lives: of, animals :, and" ‘ “*- 
this, in a gallon’ of air, is fufficient for-one;man 
-during the {pace .of, a minute, and not much 
Pongey.tasimsbigs as oy Rejdul od Iiw yHAve 
This fpirit: in).air-is deftroyed iby, palling 
through the lungs of animals ; and, hence .it is, 
hat an animal dies foon, after.being.put under 
‘a veflel which admits no frefh air-to,come to Ite 
(This fpirit is alfo in. the air which .is,in water 3 
for fifh die when they are excluded from frefh 
air, as ina pond:,that. 1s ‘clofely frozen over. 
And the little.eggs of -infects,, flopped up jin a 
giafs, do not produce their, young, though 
-afifted by a-kindly.warmth. |The feeds alfo. of 
‘plants mixed. with good earth, and. inclofed in 
.a.glafs, wilh'inet grow, | Or MID . 205 coe 
_) ‘This enlivening quality, in, air, .is_alfg) de- 
ftroyed by. the.air’s paffing through, fire 5 parti- 
“cularly charcoal fire, or the. flameoof fulphur. 
‘Henée, fwoking chimneys muft.be veryyun- 
-wholefome, efpecially if the. rooms they are in 
“the famialliand.clofesincos xcorfl a sddllw.oie, 
Sq Air is,alfo » viuated, by. ‘remaining, clofely 
-pent-upiin any) place for. a confiderable time; — 
or perhaps, wby. being mixed. with malignant 
fteams and particles flowing from the neighbour- 
ing bodies 5. or laftly, by the corruption of ,the 
vivifying fpirit, (as, in the holds. of, fhips, in 
-oil-cifterns, or wine-cellars, which, have. been 
_', dhut for a confiderable, time. The air in, any of 
them is fometimes fo much vitiated, as to be im- 
mediate death to any, animal that comes into it, | 
Air that has. loft its vivifying fpirit,. is called Dazps. 
damp, not only becaufe it is filled with humid ; 
or moift vapours, but) becaufe. it. deadens fre, Sul! 
lntbisg : extin- 
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-extinguifhes flame, and deftoys life. “The 


dreadful effects of damps are sali known 
to fuch’as'work’ in mines. 

“Te part’ of the vivifying fpirit: of air in any 
seth ‘Begins to puttify, the inhabitants of that 
country will be fubject to an. epidemical -difeafe, 
‘which will continue until the putrefaGtion is 
‘Over. ‘And as the putrefying fpiric sacetlds 


the difeate, fo if! the difeafed body contributes | 


towards‘ the putrefying of the air, then the dif. 
eafe will not only be ERY oti eid but pettilential 
and contagious. dh Ski 

The atmofphere i is’ the common receptacle of 
‘all the effluvia or vapours arifine from different 


‘bodies ; of the fteams and fink bf ‘things. burnt 


Yor melted 3 the fogs or vapours proceeding from 


Fermenta- 
£7056 


x 
- 


* Thunder 


damp watery places ; and of the effluvia from 
fulphureous, nitrous, acid, and alkaline bodies. 
‘In fhort, “whatever may be called volatile, ‘rifes 


in the air to greater or lefs. heights, sipiake 


to its fpecific gravity. 
“When the effluvia, which arife from acid: and 


‘alkaline Bodies, meet each other in’ the “alr, . 


there will be a {trong conflict or fermentation be- 
‘tween thém'; which will fometimes be {o gteat, 
Aas to produce’ a fire; then if the efiuvia be 
‘comibuttible, the fire will run from: one part 
‘to another, juft as the inflammable matter thes 2 
‘pens to lie. 

Any one may be convinced of: this, by i mixing 


‘an acid and an alkaline Avid together, a3- the 


{pirit of nitre and oi! of cloves’; -upen' the doing 

of which, ‘a fudden ferment, with a’ fine flame, 
will arife; and if the ingredients be: very pure 

Mh ftrong, there will be a fudden explofion. _ 
Whoever -confiders the effeds of fermenta- 


and /g4t-tion, ‘eannet’ be at a lef to dccount for the 
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dreadful effects of thunder and lightning : for the 
effluvia of fulphureous and nitrous bodies, and 
others that may rife into the atmofphere, will 
ferment with each other, and take fire very often 
of themfelves ; fometimes by the affiftance of the 
fun’s heat. ~ : | 
If the inflammable matter be thin and light, 
it will rife to the upper part of the atmofphere, 
where it will flafh without doing any harm: 
but if it be denfe, it will lie near the fur- 
face of the earth, where taking fire, it will ex- 
plode with a furprifing force; and by its heat 
rarefy and drive away the air, kill men and 
cattle, fplit trees, walls, rocks, &c. and be ac- 
companied with terrible claps of thunder. __ 

The heat of lightning appears to be quite’ 
different from’ that of other fires ; for it has 
been known to run through wood, leather, 
cloth, &c. without hutting them, while it has 
broken and melted iron, fteel, filver, gold, and 
other hard bodies. Thus it has melted or burnt 
afunder a fword, without hurting the {cabbard ; 
and money in a man’s pocket, without hurting 
his cloaths : the reafon of this feems to be, that 
the particles of tbat fire are fo fine, as to. pafs 
through foft loofe bodies without ‘diffolving 
them ; whilft they fpend their whole force upon 
the hard ones. eared i 

It is remarkable, that knives and forks which 
have been ftruck with lightning have a very 
. {trong magnetical virtue for feveral years after; 
and I have ‘heard ‘that lightning ftriking upon 
the’ mariner’s compafs, will fometimes turn it 
‘round; and often make it ftand the contrary 
way ; of with the north-pole towards the fouth. 
__ , Much of the fame kind with lightning, are Fires 
‘thoie explofions, called fulminating or fire-damps, damps. 
which 
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which, fometimes happen in mines ;> and. are 
occafioned. by fulphureous and nitrous, or ra. 
ther oleaginous particles, rifing from. the mine, 
and mixing with the air, where, they will take, 


fire by the lights which the workmen are obliged. 
to make ufe of. The fire being kindled will 
run from.one part of the mine to another, like 
a train of gunpowder, as the combuftible matter 


happens to Wa _ And as the elafticity of the. air 


is increafed by heat, ‘hat in the mine will-con- 
fequently fwell very much, and fo, for want.of 
room, will explode with a greater or lefs degree 


of force, according to the denfity of the com= | 


buftible* vapours. “It is fometimes fo ftrong,. as 
to blow up the mine ; and at other, times. fo 
weak, that when it has taken fire at ‘the flame 
of a candle, it is eafily blown out. 

" Air that will take fire at the flame of a Bini 
may be produced thus. Having exhaufted a 
receiver of the air-pump, let the air run intoit 
through the flame of the oil of turpentine, then 
remove the cover of the receiver, and holding a 


candle to that- air, it wil take fire, and burn: 
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quicker or floweF, according to the denfity of ae 


the oleaginous vapour. . , 
When fuch combuftible matter, as is Aes 


mentioned, kindles in the bowels of the earth, 
where there is little or no vent, it produces” 


earthquakes, and violent ftorms or hurricanes of 
wind when it breaks forth into the air. 

An artificial earthquake may be made eas 
Take 10 or 15 pounds of fulphur, and as much 


‘of the filings of iron, and knead them with 
‘common water into the confiftence of a pafte: 
this being buried in the ground, will, in 8 or 


10 hours” Ame, burft out in flames, and caufe 
the 
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the earth to tremble. all around to a confiderable - 

Bree) Clete” ey Se cae . Di ot ks 

* From this experiment we have a very natural — 

account of the fires of mount Zina, Kefuvius, 

_ and other volcanos, they being probably fer 

on fire, at firft by the, mixture of {uch metalline 
and fulphureous particles. recpect pumen 

. The gir-pump being conftructed the fame, way Platexryy, 
as the.water-pump, whoever underftands the Fig. :. 
one, will be at no lofs to underftand the other. ; 

Having put a wet, leather on the plate. J The air- 

of the air-pump, place the glafs. receiver. Ag?“”?- 


upon the leather, fo that the hole din the. plate 
may be within tke glafs, .Then, turning the 
handle # backward and forward, the air will be 
pumped out of the receiver; which will then 
_be held down to the plate by the preffure of the 
external air, or atmofphere. For,as the handle 7 
(Fig. 2.) is turned backwards, it raifes the pif- 
ton de in the barrel BK, by means .of the 
wheel #.and rack Dd: and, as the pifton is lea- : 
thered fo tight. as to. fit the barrel. exadly, no 
air.can get between the pifton.and barrel; and 
therefore, all the air above.d in the barrel is. 
lifted up towards B, and.a.vacuum is made in 
the barrel from e to.4; upon which, part of the 
,air in the receiver M (Fig. 1.) by its. {pring, 
rufhes through the hole 7, in the brals plate 
LL, along the pipe,GCG. (which communi- 
cates with both barrels. by the hollow trunk JH K * 
_ Fig. .2,) and pufhing up the valve, enters 
into the vacant place de of the barrel BK. For, 
wherever the refiftance or preflure is taken off, 
the air,will run to. that place, if it.can find a 
pafiage—Then, if the handle F be turned 
forward, the pifton de will.be deprefied in the 
barrel; and, as the air which had got into the 
, N ome barre] 
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barrel Cannot be pufhed back through the valve 
B, it will afcend through a hole in the pifton, 


and’ efcape through a valve at ad; and be hin- 
dered by that valve from returning into the bar- 
rel, when the pifton is again raifed. At the 
next raifing of the pifton, a vacuum is again 
made in the fame manner as before, between 4 
and ¢; upon which more of the air, which was 


‘Jeft in the receiver 14, gets out thence by its 
fpring, and runs into the barrel BK, through 


the valve B. The fame thing is to be under- 
ftood. with regard to the other barrel 4 7; and 
as the handle F is turned backwards and for- 
wards, it alternately raifes and deprefles the pi- 
ftons in their barrels; always raifing one whilft 
it deprefies the other. And, as there 1s a va- 
cuum made in each barrel when its pifton ts 


raifed, every particle of air in the receiver AZ — 


puthes ouc another, by its {pring or elafticity, 
through the hole 4, and pipe GG into the bar- 


rels; until at laft the air in the receiver comes to — 


be fo much dilated, and its fpring fo far weak- 
ened, that ic can no longer get through the 
valves; and then no more can be taken out. 
Hence, there is no fuch thing as making a per- 
fe& vacuum in the receiver; for the quantity of 


air taken out at any one ftroke, will always be as_ 
the denfity thereof in the receiver: and there- 
fore it is impoffible to take it.all out, becaufe, 


fuppofing the receiver and barrels of equal ca- 
pacity, there will be always as much left as was 


taken out at the laft turn of the handle. ; 
There is a cock & below the pump-plate, 


which being turned, lets the air into the receiver 
again; and then the receiver becomes loofe, and 


may be taken off the plate. The-barrels are 


fixed to the frame Eee by two fcrew-nuts ff, 
| 2 which 
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which prefs down the top-piece E upon the bar- 
rels: and the hollow trunk # (in Fig. 2.) is 
covered by a box, as GA in Fig. 1. 

There is a glafs tube /mmman open at both 
ends, and about 34 inches long; the upper end 
_ communicating with the hole in the pump-plate, 
and the lower end immerfed in quickfilver at z 
in the veflel VW. To this tube is fitted a wooden 
ruler mm, called the gage, which is divided into 
inches and parts of an inch, from the bottom at 
w (where it 1s even with the furface of the quick- 
filver) and continued up to the top, a little 
below /, to 30 or 31 inches. : 

As the air is pumped out of the receiver 1, it is 
_likewife pumped out of the glafs tube Ja, be- 
caufe that tube opens into the receiver through 
the pump-plate; and as the tube is gradually 
emptied of air, the quickfilver in the veffel NV is 
forced up into the tube by the preffure of the 
atmofphere. And if the receiver could be per- 
feftly exhaufted of air, the quickfilver would 

‘ftand as high in the tube as it does at that time 
in the barometer: for it is fupported by’ the 
fame power or weight of the atmofphere in 
both. ' 

The quantity of air exhaufted out of the re- 
céiver on each turn of the handle, is always pro- 


portionable to the afcent of the quickfilver on. 


that turn; and the quantity of air remaining in 
the receiver, is proportionable to the defect of 
_ the height of the quickfilver in the gage, from 
what it is at that time in the barometer. 

I fhall now give an account of the experiments 
made with the air-pump in my lectures; fhew- 
ing the refiftance, weight, and elafticiry of the 
alr. 3 | 
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| LT 9 phew the refiftance of the air. ai 


1. There is.a little machine, confifting of two 


mills, g.and 4, which are of equal weights, in- 
dependent of each other, and turn equally free 
on their axes in the frame... Each mill has four 
thin arms. or fails, fixed into the axis: thole of 


the mill a have their planes at right angles to its 
axis, and thofe of 2 have their planes parallel to — 
it. Therefore, as the mill 2 turns round in com- 
mon air, it is but little refifted thereby, becautle 
it’s fails cut the air with their thin edges: but 
the mill J is much refifted, becaufe the broad 
fides of it’s fails move againft the air when 1t 

turns round. In each axle is a pin near the © 


~ middle of the frame, .which goes quite through 


the axle, and ftands outa little on each fide of it: 
upon thefe pins, the flider d may be made to bear, 
and fo hinder the mills from going, when the 
ftrong {pring cis fet on bend againft the oppofite ~ 
ends of the puns. ae sie 0 OO al 

Having. fet, this. machine upon the pump- ~ 
plate L L (Fig..1.) draw up the flider d to the 
pins on one fide, and fet the {pring c at bend — 
upon the oppofite ends of: the pins: then pufh — 
down the flider d, and the fpring acting equally 
{trong upon each mull, will fet them both a going 


» with equal. forces and velocities.: but the mill 2 


will run-much longer than the mill 4, becaufe the 


air makes much lefs refiftance againft the edges 


of its jails, than againtt the fides of the fails | 
Draw. up the flider again, and fet the fpring 

upon the pins as before; then cover the mar 
chine with the receiver 12 upon the pump- 

° ee ° - ay oe ‘ 

plate, and having exhaulted the receiver of aigae 

it Sp pub 
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puth down the wire PP (through the collar of 
Jeathers inthe neck g) upon the flider} which 
will difengage it from the pins, and allow the 
mills to” turn round by the impulfe of thé fpring : 
and as theré is’ no air in 'thé’réceiver to make any’ 
fenfible refiftance’ againft' them, they will both 
move''a confiderable! time longer than! they did’ 
in the open air; ‘and the’ moment that one ftops, 
the other will do fo too.—This fhews that air 
refifts bodies in motion, and that equal ‘bodies: 
meet with different deorees of refftance, accord- 
ing as they preient greater or lefs furfaces to the 
air, in the planes of their motions. } 

2, Fake Off the receiver 14, and the: mills, Fig. he 
and having put the guinea a'and feather-dupon 
the brafs flap ¢, turn up the flap, and fhut it into 
_ the notch'd.° Then, “putting a wet leather over ’ 
the top: of the tall receiver 4 B (it being open both 
at top and: bottorh) ‘cover it with the ‘plate éy 
from ‘which the guinea and feather tongs ed will 
then hang within the récéiver. This done, pump 
the air ‘out of: the receiver; and: then draw’ up: 
the wire fa little, which ‘by ‘a fquare piece on its 
lower end will open ‘the tongs ed; and the flap 
falling’ down as at c, the’ guinea and feather will 
- défeend’with equal velocities in the’ receiver ; 
and both will fall upon the pump-plate’ at the 
fame inftaht,. NB. In this experiment, - the 
_ GbfervérsGught not to look at the: top, but at the 
: bottom ‘Of tHe: receiver ; i order to fee the’ eui- 
_néa and feather ‘fall upon ‘the plate : otherwife; 
on account of the quicknefs of their motion; they 
will efeape oh a of hy beholdess, ioV 
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ie | II. : Ti 0 foew the weight of the air. ; iy 


x. Having fitted a brafs cap, with a valve 


tied over it, to the mouth of a thin. bottle or 
Florence flafk, whofe. contents are exactly known, 


ferew the neck of this cap into the hole #.of the, 
pump-plate: then, having exhaufted the air out: 
of the fafk, and taken it off from theypump, let, 


it be fufpended at one end of a balance, and nicely 
counterpoifed by weights in the fcale at the other 
end: this done, raife up the valve with a pin, and 


the air will ruth into the flafk with an audible 


noife: during which-time, the flafk will defcend, 
and pull down that end.of the beam. -When the 


noife is over, put as many grains into the fcale at 


the other end as will reftore the equilibrium; 


and they will thew exactly the weight of the 


quantity of air which has got into the flafk, and 
filled it, If the flafk holds an exact quart, it 
will be found, that 16 grains will reftore the 


equipoife of the balance, when the quickfilver — 
ftands at 29% inches in the barometer: which 


fhews, that when the air.is at a mean rate of den- 


fity, a quart of it weighs 16 grains: it weighs — 
more when the quickfilver ftlands higher; and 


lefs when it ftands lower. 


~*~ 


9. Place the {mall receiver O (Fig. 1.) over the | 


hole 7 in the pump-plate, and upon exhaufting 


the air, the receiver will be fixed downto the - 


plate by the preffure of the air. on its outfide, 


which is left to act alone, without any air in the - 


receiver to act againft it: and this preffure will 
be equal to as many times 15 pounds, as there 


are fquare inches in that part of the plate which 
the receiver covers; which will hold down the 


seceiver fo faft, that it cannot be got off, until 
TS ae 
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the air be let inte it by turning the cock £;: and 
then it- becomes loofe. 

(g. Set the \little 'glefs 4 B fae hich is open at Fig. s. 
hoch ends) over the hole ¢ upon the pump-plate 
LL, and put your hand clofe upon the top of it > 
at B: then, upon exhautting the air out of the 
glafs, you will Gnd your hand prefied down with 
a great weight upon it: fo that you can hardly 
releafe it, until the air be re-admitted into the 
eiafs by turning the cock k; which air, by act- 
ing as ftrongly ‘upward avaintt the hand as the 
external air acted. inprefling it downward, will | 
releafe the hand from its confinement. 

4. Having tied a piece of wet bladder > over ar Fig. 6. 
the open top of the glafs 4 (whichis alfo open at 
bottom) fet it to dry, and then the bladder will 
be tight like adrum. Then place the open end 

A upon the pump-plate, over the hole 2, and 
begin to exhauft the air out of the glafs. . As 
the air is exhaufting, | its fpring in the glafs will 

be weakened, and give way to the preffure.of the 
outward air on the bladder, which, as it is-pref- 
fed down, wilh put on a {pherical concave figure, 
which will grow deeper and deeper, until the 
ftrength of the bladder be overcome by the 
weight of the air; and then it will break with a 
report.as loud as that of a gun.—If a flat piece 
of glais be laid upon the open ‘top of this re- 
ceiver, and joined to it by a flat ring of wet 
Jeather between them; upon pumping the air - 
out of the receiver, the preffure of the outward 
air upon the flat glafs will break it all to 


“a pieces, . 


5. Foaniegih the i we of the Lites glafs Fie. wie 
pall ed in water, contained in the phial ¢.a@,; then 
fet it upon the pump-plate, and cover it and the 
hole 7 with the clofe receiver 4; and then begin 

N 4 to 


te" 
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to pump. out the air. As the air goes out of the 
receiver by its: {pring, it will alfo ‘by the fame 


means go’ out of the hollow ball ¢4, through the — 


neck, dc, and rife up in bubbles to the furtace’ of 


_ the water in the phial; from whence it: wilkbmake 


its way, with the ‘reft of thevair in'the receiver; 
through the air-pipe-G.G and valves a and d, into 
the open.air, , When it: has done bubbling in 
the phial, ‘the ball-is {ufficiently' exhaufted; and 


then, upon turning: the cock: &, the ait will oet 


iito2the receiver, and prefsifo. upon the furface 
of» the water’ in the: phial, as.to force the water 
up into the ball in a jet, ‘through’ the: neck Cas. 


‘and: will fll the ball almoft full of water. The 
reafon why the ball is not quite filled, is becaufe, 


all the-air.could not’be taken out of it; and the 


{mall quantity that was left an, and:had expanded. 


itfelf foxasto fill the whole ball, is now condenfed — 
iito the: fameiftate) as the outward air; and re- 
mains:in a-fmall .bubble at.the top of the ball; 
and fo. phn wth water’ from Aine: ss we ot 
the: ball: 
S169 aa fomé: piled into theaj a D, bénad 4 
fet it on the puinp-plate near the hole 7 ; ‘then | 
fet on the:talh open receiver 4 B, fo asto: be over 
the jar dnd:Hdle; and cover the receiver with the — 
brafs plate C.-Screw the:vopen glafs tube fig 
{which has:a:brafs top.on itvat 4) into the fyringe 
Hy and eerutiing the tube through a hole. in the | 


middle of the p! late, fo’ as’to immerfe the lower 
‘end’ of the tube-¢ in the-quickfilver at. D, fcrew 
the..end./ of the fyringe into the) plates) This — 


done, draw up the pifton in the fyringe bythe — 


‘ting Zowhichowillcmake a vacuum in therfyringey - 
ful gs the »pifton 5 and as.thesupperendsof the 
_ gubenopens into the fyringe, the air willybe di- 
| lated 3 imthe'tube, becaute a of it, by its {pring, 


ew 
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gets up into the fyringe ; ; and the {pring be the 


undilated” air in the téceiver acting upon the 
farface of the quickfilver in the jar, will force 

art of it up into the tube: for the quickfilver 
will foliow the pifton in the fyringe, in the famé 
way, and for the fame reafon, that water follows 
the pifton of a common. pump when it is-raifed 
in the pump-barrel; and this, according to fome, 


is*done by fudtion. But to refute that erroneous: 


notion, let the air be pumped out of the receiver 


_ AB, and then al} the quickfilver in the tube will 


* 


fall. down by its own weight into the jar; and can- 
not be again'raifed one hair’s breadth in the tube 
by working’ ‘the fyringe’: which fhews that fuc- 


tidn had no hand in railing the quickfilver; ‘and, 


to prove that it is done by preffure, let the air 
into the receiver by the cock & (Fig. 1.) and its 
action upon the furface of the quickfilver in the 


jar will raife it’ up into ‘the tube, although the 


piiton of the fyringe continues motionleis. ait 
the tube be about: esd lec inches’ high, the 


_quickfilver will rife in it very near as high as it 


ftands at that time in the barometer, Agd.’ if 
the'fyringe has a fmall'bole, as m, néar the top 
Of it, and'the pifton be diawn up above that hole, 
the air will’ rufh ish the hole into the: fy- 
ringe and tube, ahd ‘the quickfilver will imme- 
diaiély fall down’ into the jar. If this part of the 
‘apparatus be air:ticht, the’ quick filver may be 
pumped up into the tube to the fame height that 
it flands in the barometer; but it will ©O no 


higher, becaurfe then the weight of the column in 


} the tube is the fame as the weight of a column of 


air of the fame ‘thicknefs wit h the quickfilver, 


“and reaching from the garth to the top of the 


aimotphere,” beat 


2 
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7 Having placed the jar 4, with fome quick 


filver in it, on the pump-plate, as.in the laft 
experiment,. cover it with the receiver B; then 


 pufh the open end of the glafs tube de through, 


the collar of leathers in the brafs neck C (which 
it fits fo as to be air-tight) almoft down to the 


oa quickfilver. in the jar. Then exhauft the air. 


out of the receiver, and it will alfo come.out. of 
the tube, becaufe the tube is clofe at top. When 
the gauge mm fhews that the receiver is well 
exhanfted, puth down the tube, fo.as to immerfe 
its lower end into the quickfilver in. the a tee 
Now, although the tube be exhanfted of. air, 
none of the quickfilver will rife into it, becaufe — 
there is no air left in the receiver to prefs upon 
its furface in the jar. But let the. air into,the 
receiver by the cock &, and the quickflyer-will 
immediately rife in the tube; and ftand as high 
in it, as it was pumped up in the laft experi- — 
ment, 

Both thefe experiments thew, that the quick- 


fhilver is fupported i in the barometer by the pref- 


fure of the air on its furface in the box, i in which | 
the open end of the tube is placed. And that — 
the more denfe and heavy the air is, the higher — 
does the quickfilver rife; and, on the contrary, 
the thinner and lighter the air is, the more will 
the quickfilyer fall. For if the handle F be 
turned ever fo little, it takes fome air out.of the 
receiver, by raifing one or other of the piftons i In 
its barrel; and confequently, that which remains 


jn the receiver is fo much the rarer, and has fo 


much the lefs {pring and weight; and thereupon, 
the quickfilver falls a little in the tube: but 
upon turning the cock, and re-admitting the air _ 
Into the receiver, it becomes as weighty as be- 
fore, and fhe quickfilver. rifes again to the fame 

height. 
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height.—Thus we fee the reafon why the quick- — 


filver in the barometer falls before rain or fnow, 
and rifes before fair weather; for, in the former 
cafe, the air is too thin and light to bear up the 
_ vapours, and in the latter, too denfe and heavy 
to let them fall. sie 

N. B.. 1n all mercurial experiments with the 
airspump, a fhort pipe muft be {crewed into the 
- holed, fo as to rife about an inch above the plate, 
to prevent the quickfilver from getting into the 


air-pipe and barrels, in cafe any of it fhould be | 


accidentally {pilt over the jar: for if ic once gets 


into the pipes or barrels, it fpoils them, by, 


loofening the folder, and corroding the brafs. 
8. Take the tube out of the receiver, and put 

one-end of a.bit of dry hazel branch, about an 

inch long, tight into the hole, and the other end 


tight into a hole quite through the bottom of a 


{mall wooden cup: then pour fome quickfilver 
into the cup, an 


of the quick filver, will force it through the pores 
of the hazel, from whence it will .defcend in a 


beautiful fhower into a glafs cup placed under. 


the receiver to catch it. 


g. Puta wire through the collar of leathers in. 
the top of the receiver, and fix a bit of dry wood © 
on the end of the wire within the receiver; then — 


exhauft the air, and pufh the wire down, fo as to 
immerfe the wood into a jar of quickfilver on the 
ump-plate ; this done, let in the air, and upon 


taking the wood out of the jar, and fplitting it, | 


its pores will be found full of quickfilver, which 
the force of the air, upon being let into the re- 
celyer, drove into the wood, | 


exhauft the receiver of air, and — 
the preffure of the outward air, on the furface 
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10. Join the two brafs hemifpherical cups Zand Fig. 10, | 


-. Btogether, witha wet leather between them, hav- 
i ee ; : ine 
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jag a holé in’ the middle of ic3"then ferew the! 


end D of the pipe CD into'the plate of ‘the 
pump at 7, and turn the cock’ Z,~fo as the pipe” - 
may be open’all ‘the way into the cavity of the’ 
hemifpheres: then exhauft the air out of them,” 


and turn the cock a quarter round, which’ will 


fhut the ‘pipe CD, and keep'out the air. This 
done, unicrew the pipe at D from the pumps _ 


- and’ ferew the piece Fb upon it ‘at’ D’,and-lee’ 


two ftrong men try to pull the hemifphetes afun-' 
der by the tings and Béwhich’ they will nid 
hard todo: ‘for if the didmeter of the hemi-’ 
fpheres he: four-inches,  they'.will ‘be’ prefied ‘to+* 
gether by the external air with’a force equal ‘to- 
190 pounds, “And to‘fhew that it is the'preffure 
df the air that keeps them together, hang them’ 
Ky either of: the rings upon ‘the Hook P of the — 
wire fn the ‘receiver 17° (Fig. 1.) ‘and upon’ex 
haufting’ the air out of the réceiver, they ‘will fall 
aniidey or (Remfelves. ot) ay Seems 
““r1v Place a fmall'receiver O (Fig. 1.) near the 
hole 7,.on the pump-plate, and cover, both it and’ 
the ‘hole “with the receiver AZ;. and turn’ the” 
wire fo by thetop P, that’ its hook 'may'take ~~ 

hold of the little receiver by a’ring ‘at‘its'top, 
allowing that receiver to ftand’ with its own 
weicht on the plate. Then,” upon working the 

Brees the air will come out of ‘both receivers; 
but the large one W will be forcibly held down 

to the pump by the prefiure of the external air; 


, whilft thé fmallone O, having no air to prefs up-" 


on it, ‘will continué loofe, and‘may be drawn up 


and ler down atpleafure, by'the wire\P P.’ But, — : 


lipon letting it quite down to the’plate, and ad4 


_ Mitting the air inta the receiver M7, by the cock 


k, the’ air will prefs fo ftrongly upon’ the fmall 
receiver O, as to fix it down to the plates ‘and’at 
| 8 | ~ the 
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the fame time, by counterbalancing the outward 
preffure on the large receiver M, it will become 
loofe. This experiment evidently fhews, that 
the receivers are held down. by prefiure, and 
not ‘by fuction, for. the internal receiver conti- 
nued loofe whilft the operator was pumping, and 


the external one was held down; but the former 


‘became faft immediately by letting in the air 
upon it. | 


19k 


“42, Screw the end 4 of the brafs pipe 7B F Fig. un 


into the hole of the pump-plate, and turn the 
cock e until the pipe be open; then put a wet 
leathet upon the plate cd, which is fixed on the 
pipe and cover it with the tall receiver GH, 
which is’ clofe at top: then exhauft the air out 
of the receiver, and turn the cock ¢ to keep it 
out; which done, unfcrew the pipe from the 
pump, and fet its end 4 into a bafon of water, 
and turn the cock e to open the pipe; on which, 
as there is no air in the receiver, the preffure of 
the’ atmofphere on the water in the bafon will 
drive the water forcibly through the pipe, and 
make it play up in a jet to the top of the re- 


ceiver, 


13. Set the fquare phial 7 (Fig. 14.) upon the | 


pump-plate, and having covered it with the wire 
cage B, puta clofe receiver over it, and exhauit 
the air out of the receiver; in doing of which, 
the air will alfo make its way out of the phial 
through a {mall hole in its neck under the valve 
b, When the air is exhaufted, turn the cock 
below the plate, to re-admit the air into the 
receiver; and as it cannot ‘get into the phial 


again, becaufe of the valve, the phial will be. 


broke into fome thoufands of pieces by the pret- 
fure of the air upon it. Had the phial been 
of a round form, it would have fuftained this 


preflure » 


i 
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its fides are flat, it cannot. 
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preffure like an arch, without breaking; but aa — 


To foew the elafticity or [pring of the air. 


14. Tie up a very fmall quantity of air ina. | 


bladder, and put it under a receiver; thenexhauft - 


the air out of the receiver; and the {mall quan- 
tity which is confined in the bladder (having no- 
thing to act againft it) will expand itfelf fo by — 


the force of its fpring, as to fill the bladder as 


- full as it could be blown of common air. But 


Fig. 7. 


Fig. 11. 


upon letting the air into the receiver again, it 
will overpower the air in the bladder, and .prefs — 
its fides almoft clofe together. 

15. If the bladder fo tied up be put into a 
wooden box, and have 20 or 30 pound weight 
of lead put upon it in the box, and the box be 
covered with a clofe receiver; upon exhaufting 
the air out of the receiver, that air which is con- 
fined in the bladder will expand itfelf fo, as to raife — 
up all the lead by the force of its fpring, 

16. Take the glafs ball mentioned in the fifth 
experiment, which was left full of water all but 
aimall bubble of air at top, and having fet it 
with its neck downward into the empty phial aa, 


and covered it with a clofe receiver, exhauft the: 


air out of the receiver, and the {mall bubble of 
air in the top of the ball will expand itfelf, fo as- 
to force all the water out of the ball into the 

phial. ears 

17. Screw the pipe 4B into the pump-plate, 

place the tall receiver G H upon the plate ¢d, as 

in the twelfth experiment, and exhauft the air 

out of the receiver; then, turn the cock e to 

keep out the air, unfcrew the pipe from the ~ 
pump, and {crew it into the mouth of the OP 

, Sree vefle 
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veffel CC (Fig. 14.) the veffel having firft been 
about half filled with water. Then open the 
cock ¢ (Fig. 11.) and the fpring of the air which 
is confined in the copper veffel will force the 

water up through the pipe 48 in a jet into the 
exhaufted receiver, as ftrongly as it did by its 


-preffure on the furface of the water in a bafon, in 


the twelfth experiment. 
«18. If a fowl, a cat, rat, moutfe; or bird, be 


put under a receiver, and the air be exhautted, | 
the animal will be at firft oppreffed as with a, 


great weight, then grow convulfed, and at laft 
expire in Pall the agonies of a moft bitter and 
cruel death. But as this experiment is too 
fhocking to every fpectator who has the leaft de- 


gree of humanity, we fubftitute a machine called 


the tg Sei in place of the animal. 


Ifa butterfly be fufpended in a receiver, © 


| Br a fine thread tied to one of its horns, it will Ay 


about in the receiver, as long as the receiver 


continues full of air; but if the air be exhaufted, 
though the animal wie not die, and will continue 
to flutter its wings, it cannot remove itfelf from 
the place where it hangs in the middle of the re- 
ceiver, until the air be Vet} in again, and then the 
animal will fly about as. before. 
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20. Pour fome quickfilver into the {mall bottl le Fig. 12, 


A, and {crew the brafs collar ¢ of the tube BC 
into the brafs neck & of the bottle, and the lower 
end of the tube will be immerfed into the quick- 
-filver, fo that the 4ir above the quickfilver in the 
bottle will be confined there, becaufe it cannot 
get out about the joinings, nor can it be drawn 
out through the quickfilver into the tube. This 
tube is alfo open at top, and is to be covered with 
the receiver G and large tube E F which tube is 
fixed by brafs collars to the receiver, and is clofe 

at 
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at the top, This preparation being made; ex | 


hauft the air both out of the receiver and its 
tube; and the air will by the fame means 
be exhaufted out of the inner tube BC, through 
its open top at C; and as the receiver and tubes 


are exhaufting, the air that is confined in the glafs . : 
bottle 4 will prefs fo by its {pring upon the 


furface of the quickfilver, as to force it up in the 
inner tube as high as it was raifed in the ninth 
experiment by the preflure of the atmofphere : 


which demonftrates that the {pring of the air is 3 


‘equivalent to its weight, 


21. Screw the end C of the pipe C D-into thé 


hole of the pump-plate, and turn all the three = 
cocks d, G, and H, fo as to open the communi- 


cations between all the three pipes..£,, 7 D.C, 


and the hollow trunk 4B. Then, cover the — 


plates g and & with wet leathers, which have 
holes in their middle where: the pipes open into 


the plates; and place the clofe receiver J upon — 
the plate g: this done, fhut the pipe # by turn- 
ing the cock H, and exhauft the air out of the 


receiver J, Then, turn the cock d to fhut out 


the ‘air, unferew the machine from the pump, 
and having {crewed it to the wooden foot L, put 
the receiver K upon the plate &; this receiver 


will continue Joofe on the plate as long as it 


Keeps full of air; which it will do until the cock — 


fH be turned to open the communication between 
the pipes F and £, through the trunk 4B; and 
then the air in the receiver K,*having nothing to 
act againit its {pring, will run from K into J, un- 


til it be fo divided between thefe receivers, as to 


be of equal denfity in both; and then they will 
be held down with equal forces to their plates by 
the preffure of the atmofphere, though each 
receiver will then be kept down but with one 


half. 


-# Of the Air-Pump.  - Py 
half of preffure. upon it, that the receiver J had, 
.. when it was exhaufted of air becaufe it has now 

one half. of the common air in it which filled 
the receiver K when it was fet upon the plate; 
.and therefore, a force equal to.half the force of 
the fpring of common air, will act. within the 
receivers again{t the whole preffure of the com- 
mon air upon their. outfides.. This is called 


transferring the air out of one vefiel into ano- 


ther. 
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.22..Put a. cork into. the fquare: phial A,-and Fig. hay 


fix it in with wax or,cement; put the phial upon 


the pump-plate with the wire cage B over it, 
and, cover the cage with a clofe receiver. Then, 
exhauft the air out of the receiver, and the air 
that was corked up in the phial will break the 
phial outwards by the force of its fpring, becaufe 
there is no air left on the outfide of the phial to 
act againft the air within it. 

22. Puta fhrivelled.apple under a clofe re- 
ceiver, and exhauft the air; then the {pring of 
the air within the apple will plump it out, fo as 
to caufe all the wrinkles difappear; but upon 
letting the air into the receiver again, to prefs 
upon the apple, it will. inftantly return to. its 
former decayed and fhrivelled ftate. ; 


23. Take.a freth egg, and cut off a little of - 


| r ie 
the fhell and film from its {maileft end, then put 
the egg under a receiver, and pump out the air ; 
_ upon which, all the contents in the egg will be 
forced out into the. receiver, by the expanfion of 
a {mall bubble of air contained in the ereat end, 

between the fhell and film, Bevo 
24. Put fome warm beer in a glafs, and hav- 
ing fet it.on the pump, cover it with a clofe re- 
ceiver, and then, exhauft the air. Whilft this-is 
-doing, and thereby the preffure more and more 
O | taken 
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taken off from the beer in the glafs, the air there- 


in will expand itfelf| and rife up in innumerable 
bubbles to the furface of the beer; and from 

.thence it will be taken away with the other air in | 
‘the receiver. When the receiver is néarly ex-"— 
-haufted, the air in the beer, which could not. 

‘difentangle itfelf quick enough to get off with 
_-the reft, will now expand itfelf fo, as to caufe 
the beer to have all the appearance of boiling ; 
-and the greateft part of it will go over the 


olafs. . 


25. Put fome warm water in a glafs, and put _ 


a bit of dry wainfcot or other wood into the 
water. Then, cover the glafs with a clofe re- 
ceiver, and exhauft the air; upon which, the air 


in the wood having liberty to expand itfelf, will _ 
come out plentifully, and make all the water to — 


bubble about the wood, efpecially about the 
ends, becaufe the pores lie lengthwife. A cubic 
inch of dry wainfcot-has fo much air in it, that 


it will continue bubbling for near half an hour 


together.. 
Mifcellaneous Experiments. 


26, Screw the fyringe H (Fig. 8.) to a piece 
of Jead that weighs one pound at leaft; and, 
holding the lead in one-hand, pull up the pifton 
in the fyringe with the ‘other; then, quit- 


ting hold of thelead, the air will puth it upward, - 


and drive back the fyringe upon: the pifton. 


Phe reafon of this is, that the drawing up of the, 
pifton makes a vacuum in the fyringe, and the 


air, which prefies every way equally, having 
nothing to refift its preffure upward, the lead is 
thereby prefied upward, contrary to its natural 
tendency by gravity. If the fyringe, fo loaded, 


be ~ 
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‘be hung i ina receiver, a and the air be exhautted, 
‘the fyringe and-lead will defcend upon the pifton- 


rod by their natural gravity ; ; and, upon admit» 


‘ting the air into the receiver, they will be drove 
‘upward again, until the pifton be at the very 
bottom of the fyringe. 


27. Let a large: piece of cork ie fifpendted 


‘by a thread ‘at one end of a balance, and coun- 
terpoifed by a leaden weight, fufpended in the 
fame manner, at the other. Let this‘balance be 


hune to the infide of the top of a large receiver 


which being ‘fet’ on the pump, and” the air ex- 
hautfted, the cork will preponderate, a and fhew 


itfelf to be heavier than the lead; bur upon 
letting in the air again, the equilibtium will be 
reftored. The feaion of this is, that fince the 
air is a fluid, and all bodies lofe as much of their 
abfolute weight i in it, as is equal tothe’ weight 


of their bulk of the: fluid, the cork being the 


larger body, lofes more of its real weight than 
the lead does; and: therefore muft-in fa be 
heavier, to balance it under the difadvantage of 


lofing fome of its weight: which difadvantage 
being taken off by removing the air, the bodies 


then” eravitate according to “thet re quantities 
of matter, and the cork, which balanced the 
lead in air, fhews itfelf to be heavier when in 
vac. 

28. Set alighted candle upon the pump, and 


cover ‘it ‘with; a tall receiver. If the receiver 
holds a gallon, the candle will burn a minute; 


and then, after having gradually decayed ‘from 
the firft inftantr, it will | go out: which fhews; that 
a conftant fupply of freth air is neceffary to feed 
flame; and fo it alfo is for ahimal life. Fora 
bird kept under a clofe receiver will foon die, 
roth no air be. pumped out; and it is 

O 2 found 
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* found that, in the diving-bell, a gallon of air is 


{ufficient only for one minute for a man to breathe 
FG ea ; 
The moment when the candle goes out, the 
fmoke will be feen to afcend to the top of the: 
receiver, and there it will form a fort of cloud : 
but upon exhautting the air, the fmoke will fall 


down to the bottom of the receiver, and leave it 


as clear at the top as it was before it was fet upon 
the pump. This fhews, that fmoke does not. 


-afcend on account of its being pofitively light, — 


but becaufe it is lighter than air; and its falling 


to the bottom when the air was taken away, 


fhews, that it is not.deftitute of weight. So 
moft forts of wood afcend or {wim in water; 
and yet there are none who doubt of the wood’s 
having gravity or weight. — : 

2g. Seta receiver, which ts open at top, upon 
the air-pump, and cover it with a brais plate, 
and wet leather ;. and having exhaufted it of air, 
Jet the air in again at top through an.iron pipe, 
making it pafs through a charcoal flame at the 
end of the pipe; and when the receiver is full 
of that air, lift up the cover, and let down a 
moufe or bird into the receiver, and the burnt 
air will immediately kill it, If a candle be let 
down into the air, it will go out directly; but, 
by letting it down gently, it will purify the air fo 
far as it goes; and fo, by letting it down more 
and more, all the air in the receiver will be 


purified. 


- 30. Set a bell upon a cufhion on the pump- 
plate, and cover it with a receiver; then fhake 
the pump to make the clapper ftrike againft the 
bell, and the found will be very well heard: but, 
exhauft the receiver of air, and then, if the 
clapper be made to ftrike ever. fo hard againft 

-) the 
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the bell, it will make no found at all; which 
fhews, that -air is abfolutely my nit for the 
propagation of found. 


gt. Let a candle be placed on one fide of a : 


receiver, and viewed through the receiver at 


fome diftance; ‘then, as’foon as the air begins to 

be‘exhaufted, the receiver will be filled with va- 

- pours which rife from the wet leather; by-the | 

{pring.'of the air in it; and che light of! the « 

_ candle being refracted through that. medium of © 
vapours, will have: the appearance of ‘circles of | 

various colours, of a faint refemblance to thofe 


in the rain-bow. - 


“The-air-pump was! invented by Oike Guerick 


of Magdeburg, but ‘was much improved by Mr. 
_ Boyle, to whom-we aré-indebted for our greateft 


part of the knowledge‘of the wonderful proper- 


ties of the air, demonftrated i in the above expe- 
riments. © 
‘The elaftic air which is contained 4 in many 


bodies, and is kept in them by the weight of the » 


atmofphete, may be got out of’ them either by 
boiling, or by the air-pump, as fhewn ‘in: the 
25th experiment : but the fixed.air, which is by 
much the greater quantity, cannot be got out 
but by diftillation, fermentation, ‘or cage 
tion. hs 
If fixed air did not come out of pédias with 


difficulty, and {pend fome time in extricating 
itfelf from them, it would tear them to pieces. 


Trees would be rent by the change of air from 
a fixt, to an elaftic ftate,,and animals would be 
oe in pieces by the explofion of air in their 

ood 
Dr. Hales found by experiment, that the air 
in apples is fo much condenfed, that if it were 

: let out into the common air, it would fill a {pace 
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4% times as greatias the bulk of the apples them- » 
felves ; fo that its. preflure outwards was equal » 


to 11776 1b. and, in a cubic inch of oak, to 


19860 Ib. againft its fides,’ So that if the air | 


was let. loofe at once in thefe fubftances, they 


would. tear every thing to, pieces about them. . 


with a- force’ fuperior to that cf gunpowder. 


Hence, in-eating apples, it is well that they part: 
withthe air_by degrees, as:they are chewed, and 


ferment in, the {tomach,: otherwife, an apple» 


- would be’immediate death to him who eats it. 


The mixing of fome fubftances with others; 
will releafe the air from them, all.of a fudden,: 


which may be attended with very great danger. 


Of this we have a remarkable inttance in.an ex- > 
periment made by Dr. Siure; who haying put-. 


half a dram of oil of carraway-feeds into one glafs, 
and a. dram_of compound {pirit of pitre in ano- 


ther, covered them both on the air-pump with a \ 


receiver fix inches wide, and'cight inchés deep, 
and then exhaufted the air, and continued pump- 


ing- until all that could poflibly be got bothiout: 
of the receiver, and out of the two fluids, was. 


extricated ;then, by a, particular contrivance «. 


from the top. of,.the receiver, he mixed the | 


fluids. together ; ppon. which. they produced 


fuch a prodigious quantity of air, as inftantly ; 


blew up the receiver, although it was prefled 


x 


down by the atmofphere with upwards of 400 


pound weight. 
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L IGHT confifts of an inconceivably great 


4 number of particles flowing from.2 luminous 


comprthenfion. . ..: 


body in all manner of. directions, and thefe., 
particles are; fo fmall, as to furpafs-all human 


That the number of particles of light js in- 


conceivably great, appears from the light of a 


candle;. which, if there be no obftacle in the, 


way to obftrudt the paflage of its rays, will Glb, 
all the {pace within two miles of the candle every. , 


' way, with luminous particles, before it has lott, 


the leaft fenfible part of its fubftance. 
_ A ray of ‘light is a continued flream of thefe 


particles, flowing from any ,vifible body ina) 


ftraight Jine: and. that the particles themfelyes 


are incomprehenfibly fmall, is manifeft from the’, 
following, experiment, _Make.a forall pin-hole- 


in a piece of black paper, and hold the, paper - 
upright on a table facing a row of candles itand- 


ing by one another; then place a fheet of patte- 


board at a little diftance behind the paper, and 


fome of the rays which flow from all the candles: 
through the hole in the paper, will form as many ; 


-” 


{pecks.of ight onthe. palteboard, as there are 


~  ® 


candles on the table before the plate: each fpeck ty.0 ama- 


being as diftinét and clear, as if there..was only ding 
fmalnefs 
of the — 


one {peck from one fingle candle; which fhews, 
that the particles of light are exceedingly {mall, 
otherwife theycould not pafs through the. hole 
from fo many different candles without confu- 


- fion.—Dr. Niewentyt has computed, that there - 
flows more than 6,000,000,000,000 times 4S _ 


O 4 many 


particles 


of light. 
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many particles of light froma candle in one fecond 
of time, as there are grains of fand in the whole 
earth, fuppofing each “cubic inch of it to contain 
1,000,000. 

Thefe particles, by falling dire&ly upon our 
eyes, excite in our minds the idea of light. 
And when they fall upon bodies, and are thereby 
reflected to our eyes, they excite in us the ideas 
of thefe bodies. And as every point of a vifible 
body reflects the ‘rays of light in ‘all manner of 
directions, every point will be vifible’ in’ every 
part to which the light is reflected from it. 


PlateXV. Thus the object 4C B is vifible to’an eye in any” 


Fig. 1. 


part where the rays 42, Ab, Ac, Ad, Ae, Ba, 
Bb; Bt, Bia, Be, -and* Ca Cb Oey Ody Ce, 
come. Here we have fhewn the rays as if they 
were only reflected from the ends 4 and B, and 
from the middle point'C of the objet ; every 
other: ‘point being fuppofed to reflect rays in the 


" RefleGed fame manner. So: that: wherever a fpectator is 


light. 


placed with regard’ to the body, every point of © 
that part of the furface which is towards him will “i 
be vifible, when no’intervening object flops the i 
paffage of the light. 
‘Since no objeét can be feen through the bore © 
of a bended pipe, it is evident that the rays of» 
light move in ftratght lines, whilft there is no- 
thing to’refract or turh them out of their recti- 3 
lineal -courfe, : 
“Whilft the rays of light continue in any * me- 
dium of an uniform denfity, they are firaight 5 
but when they pafs obliquely out of one medium 
into another, which is either more dente or more 4 


$ aby thing through which the rays of light can pafs, is 
called).a medium ; as air, water, ares diaraone, or even 
Fs vacuum, 


rare, 
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rare, they are refracted towards the denfer me- 
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dium: and this refraction is more.or lefs, as the; | 


rays fall more or lefs obliquely on, the refracting | 
-fuirface which, divides the mediums. 


To prove this by experiment, fet the empty » 
veffel 4 BCD into any place where the fun fhines 


obliquely, and. obferve the .part,.where the . 
fhadow of the edge BC falls on, the bottom of 


the veffel at £; then fill the yeffel with, water, 


and the thadow will, .reach -no. farther than es. 
which thews, that the ray aBE, which.came . 
ftraight in the open air, juit, over the edge of the, 
vefiel at B to its bottom at EZ, is refracted by. 


Fig. 20 = | 


falling obliquely on the furface of the water at petated 
B; and inftead of going on in the rectilineal di- ight. - 


rection 4 BE, it is bent downward i in the water 


from B to e; the whole bend being at the furface . | 


of. the water: and {o,of all the. other rays. 


abe. 


If a ftick be laid over the veftel, and. the fun’s,, 
rays be refleéted.from a glafs, perpendicularly . 
into the veffel, the fhadow of the flick will fall, 
sb upon the ine part, of the bottom, whether the . 

veffel be empty or full; which fhews, that the. 
- rays of light are not refraGeed when they fall. 


perpendicularly on the furface. of any medium. « 


The rays of light areas much refracted by . 
pafling out of water into air, as by pafling out of , 
air into water.. Thus, if a ray of light flows 


from the point.e, under water, in the direction 
eB; when it comes to the furface of the water at 


B, it will not go on thence in the re¢tilineal 


Cane Bd, but will be refracted i into the line B a: 
Therefore, 


To an eye at ¢ looking throueh a plane glafs | 


in the bottom of the empty vefiel, the point 4 


as alte is 
aaa 
ak 


cannot be feen, becaufe the fide Bc of the veffel.. 


inter- 


Ax 
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interpofes ; and the point d will juft be fen over | 
the edge of the veffel at B. But if the veffel be 
filled with water, the point a will be feen frome; _ 
and will appear as at a, levated 3 te the diredtion 
of the ray ¢ B¥, © 
The days *“The time of’ fun- rifing or pith: fuppoliae” 
are made its rays fuffered‘no refraction, is eafily found by 
longer by calculation. > But? obfervation ‘proves that “the. 
, fan rifes fooner, and fets later every day than the” 
of the  calculated’time; the ‘reafon’ of which is plain, * 
fan’srays, from what! was ‘faid immediately ‘above.’ For, 
though the’ fiin’s ‘rays do not come part of: the’ 
way tous through water} yer they do through the. 
hoo. a or atmofphere, which being a orofler medium 
aco than the free fpace between the fun’and the top * 
of the ‘atmofphere; ‘the rays, by. entering ob-. 
liquely into the!atmofphere, aré there refratted, 
and thence’ bent down’to‘the-earth. And- lake 
though there are many places of the. earth: to - 
which the fun: is vertical at noon, and confe- 
quently’ his rays can fuffer no refra€lion at thac - 
f.. time, becaufe they come perpendicularly through” 
: the atmofphere: yet there is no place to which | 
the fun’s rays do not fall obliquely on the top java 
the: atmofphere; at’ his rifing and: setting 5 ‘and 
confequently, no clear day in which the fun will - 
not be:vifible' before he rifes in the Horizon, and 
after he fets in'it': and the longer or fhorter, as. 
the’atmofphere is‘ more or: lefs replete, with va- . 
pours. For, let A°BC be pare of the earth’s — 
oy eg Pe niger ti atmofphere that covers Stig 


* Herices apiece. of monev lying-at #, in the bottom Spa 
empty veffel, cannot be feen by an eye at a, because the eat , 
of the ete), intervenes ; but let the jveffel be filled with 
water, and the’ray, e'@ being then refracted at B, will flrike.. 
the eye at a, and:fo render the money vifible, which will 
anpeae as if it were raifed up tof in the'line a BA 


and 


upon sthe top: of the atmofphere ;»:and thofe 
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and E BG H the fenfible horizon of an obferver. 
at B., As every point of the fun’s furface fends | 


out rays. of light in all-manner of directions, 
fome of his rays will conftantly fall upon, and 


enlighten, fome .half of the atmofphere; and) 
therefore, when the fun is at J, below the hori-- 


zon H, thofe rays which go on in the free {pace 
IkK preferve) a rectilineal courfe until they fall 


which fall fo about K, are :refracted »at: their 


entrance into the atmofphere, and| bent. down. ; 
in the liné Km B, to theobferver’s place .atB-\. 


and therefore, to:him, the fun! will appear at L, 


inthe direction of the ray Bm K, above the hori-~ 


zonB G Hy when hes really below it-at J. 


The angle contained between a ray of light, | 


and ia. perpendicular to the:refracting furface, is 
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called the angle of incidence, and the angle con- sugk of 
tained between the fame perpendicular, and the zacidence. 


fame ray after refraction, «is called. the angle of 


refrattion.. Thus, let/L:B M7 ibe the retracting pip, 


furface of a medium (fuppofe water) and 4B Cdngle of 
a perpendicular to that furface; let DBobe al fraction. 


ray of light, going out of air into water at B, 
and therein refracted in the line BH; the angle 


AB Dy is theangle of incidence, of which.D Fo 


is the fine; and the angle KBH is the angle of 
refraction, whofe fine is KJ. 


When. the refracting. medium is. water, the ;— 


fine of the angle of incidence is tothe fine of 
the angle of refraction, as 4 to 3; which is con- 
firmed by the following at taken from 
Doétor Smiru’s Optics. 


Defcribe the circle D4 C.on a Maile fquare » 


board, and crofs it at right angles with the 
ftraight lines 4 BC, and LBM; then, from 
the interlection A, with any opening of the com. 

pafles, 
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paffes, fet off the equal arcs 7D and AE, -and: 
drawthe right line-D FE: then, taking Fa,’ 
which is:three quarters of the length FE; ‘from 
the point: a, draw'aI parallel to 4B K, and 
join: K Jp parallel to BM > fo K Iwill be-equal 
to three quarters of f E.or'of DF.  This:done, 
fixthe ‘board: upright upon the leaden pedeftal 
O, and »ftick three pins perpendicularly into the 
board, atithe: points Dj) Byand J: then fet the 
board! upright into:the veffels UV, and fill up 
the vefielwith water'to the line LBM. When 


_ the water-has fettled, look along the line DB, 


fo.as you may fee the head of the pin B over the 
head of the pin D ; and the:pin J will appear in 
the fame rightline produced:to’G,, for its’ head 
will be feen juft over the head of the pinvat B: 
which ‘fhews that the ray [B,’ coming fromthe 
piniat J; is fo refraéted at B, as to proceed from 
thence in the line BD to the'eye of the obferver ; 
the fame:as.it would do from any ‘pointG in the 
right linesD BG, if there \were.no water in the 
veffel :. and alfo fhewscthat Ki, the fine of>re- 
fraction “ih\ water; as ito DF, the: fine of-inci- | 


_ dence iniairyasig to 4 *. 


‘Hence; if: DB H were:a crooked fick. put!» 
obliquely into’ the water, it would appear a 
ftraisht one, as'D 8G: © Therefore; as the line?’ 


_ BH appears at BG, fo the line BG wilh appear 


atB g ; and confequently, a flraight ftick\ D BG 
put obliquely into water, will feem benr! at the 
furface: of the water in B,: and crooked; as. 
DBg. . CH qt 
When a ray of light paffes out of) air: into | 
glafs, the fine of incidence is to the fine of re- 
* This is ftrictly true of the red rays only, for the other 
coloured rays are differently refracted ; but the difference is — 
fo fmall, that it’need not be confidered in this place. |. 
| | : . fraction, 
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fraction; as 3 to.2; and asa of air into a 
eh as 5 tO 2, 

Glafs may be ground into eight different Fig. 5. 
fhapes at leaft, for optical purpoles, viz. _ 

1. A plane glafs, whichis flat on both fides, . 
and of equal thicknefs in all its parts, as 7. 

2. A plano-conven, which i is flat.on one fide, Renton. 
and convex on the other, as B. 

3. A double-convex, which i is convex on 1 both 
fides, :as. C. 

4. A plano-concave, which is flat on.one fide, 
and concave on the other, as D. 

5. A double concave, which is concave on both 
fides, as E. 

6. A menifcus, which.is concave on one fide, 
and convex on the other, as F. 

7- A flat plano-convex, whofe convex fide 1s 
eround into feveral little flat {urfaces, as G. 

8. A prifm, which has. three flat fides, and” 
when viewed endwife, appears like an equilateral 
triangle, as H.. 

Glafles ground into any of the thapes By Grd, 
£, F, are generally called len/es. 

A right line LIK, going perpendicularly 
through the middle of a lens, is called the axis 
of the lens. 

A ray. of light G4, falling perpendicularly on 
a plane glafs,. EF, will pais through the glafs Fie. 6; 
in the fame direGtion 4i, and go out of it into 
the air in the fame right courfe iH. 

A ray of light, 4 By, falling obliquely. on a 
plane glafs, will go out.of the glafs in the fame 
direction, but not in the fame right line; for in 
touching the glafs, it will be refragted in the” 

_ line B C, and in leaving the, glafs, it will be re~ 
fratted i in the line C.D, 
A ray 
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A ray of hight C.D, falling obliquely on the 
middle of a convex glafs, will go forward in the 
fame direction D F, as if it had: fallen with the 
fame degree of obliquity on a plane glafs; and 

will go out of the glafs in the fame direction 
with which it entered: for it will be equally 
refracted at the points D and £, as if it had pafied 
through a plane furface. But the rays CG and 
C I will be fo refraéted, as to meet again at the 
point F. Therefore, all the rays which flow 
from the point C; fo at to go through the glafs, 
will meet again at F; ana if they go farther 
onward, as to Z, they crofs at F, and ‘go for- 
ward on the oppofite: fides of the middle ray 
CD EF, to what they were in approaching it in 
the directions H F and K F. | Sue 
Pie. 8. EER parallel rays, as ABC, fall directly 
The pro- upon a plano-convex glafs D E, and pafs through 
perties of jt, they will be fo refracted, as‘to unite in a 
iM ‘point f behind it; and this point is called the 

"principal focus; the diftance of which, from the 
middie of the glafs, is called the focal diftance 
which is equal to twice the radius of the {phere 
of the glafs’s convexity.» And, 

When parallel rays, as ABC, fall directly . 
upon a glafs D £, which is equally convex -on 
both fides, and pafs through it; they will be fo 

_ refracted, as to meet in a point or principal focus 
f, whofe diftance is‘equal to the radius or femi-_ 
diameter of the'fphere of the glafs’s convexity. 
But if a glafs be more convex on one fide than 
on the other, the rule for finding the focal 
diftance is this; as the fum of the femidiameters 
of both convexities is to the femidiameter of 
either, fo is double the femidiameter of the 
other to the diftance of the focus. Or, divide 
i | the. 
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the double produé of the radii, by their fum, NA, 
and the quotient will be the diftance fought. 

- Since all thofe rays of the fun which pafs 
through a convex glafs are. collected. together 
‘in its focus, the force of all, their heat: is col- 

lefted into that part; and isin proportion to 

‘the common heat of the fun, as the area of the 
glafs is to the area.of the focus. Hence we fee 
‘the reafon why a convex glafs caufes the fun’s 
rays to burn after paffling through it. 

All thefe rays crofs the middle ray in the fo- 
cus f, and then diverge from it, to the contrary 
fides, in the fame manner F/G, as they con- 
verged in the {pace Df £ in coming to it. 
~ If another glafs FG, of the fame convexity 
as DE, be placed in the rays at the fame dif-. 
* ‘trance from the focus, it will refract them. fo, 
- as that after going out of it, they will be all 
parallel, as abc; and.goon in the fame man- 
* ner as they came to.the firft glafs DE, through’ 
the fpace ABC; but on the contrary fides of 
the middle ray Bfd: for the ray ADf will go 
on from f in the direction fGa, and the ray 
_CEf inthe direction fF'c; and fo of the-reft. © 
' ‘The rays diverge from any radiant point, as 
from a principal focus: therefore, if a candle 
be placed at. f, in the focus of the convex glais 

FG, the diverging rays in the fpace FfG. will 
» be fo refracted by the glafs, as, that after going 

out of it, they will become parallel, as fhewn 

in the {pace ¢ a. * | 

If the candle be placed nearer the glafs than 
its focal diftance, the rays will. diverge cafter 
pafling through the glafs, more or lefs, as the 

-candle is more or lefs diftant from the focus. 

If the candle be placed farther from the glafs 
than its focal diftance, the rays will converge 
3 after 
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after paffing through the glafs, and meet in a a! 


" giafs, as the candle is nearer to, or farther from _ 


point which will be more or lefs diftant from the 


ats focus; and where the rays meet, they will © 
. form an inverted image of the flame of the 


PlateXVI. 
Fig. 1. 


candle; which may be feen on a paper placed 


in the meeting of the rays. 

Hence, if any object 4 BC be placed beyond 
the focus fF of the convex glafs def, fome of 
the rays which flow from every point of the 
object, on the fide next the elafs, will fall upon 
it, and after paffing through it, they will be 


converged into ‘as many points on the oppofite — 


fide of the glafs, where the image of every point 


will be formed: and confequently, the image 


of the whole object, which will be inverted. 
Thus, the rays 4d, Ae, Af, flowing from the 
point 4, will converge in the {pace daf, and by 
meeting at 4, will there form the image of the 
point 4... The rays Bd, Be, Bf, flowing from 


the point B, will be united at 4 by the refrac- 


tion of the glafs, and will there form the image 
of the point B. And the rays Cd, Ce, Cf, 
flowing from the point C, will be united atc, 
where they will form the image of the point C, 
And fo of all the other intermediate points be- 
tween 4 and C. The rays which flow from 
evety particular point of the object, and “are 


united again by the glafs, are called pencils of 


Vays. 

If the object ABC be brought nearer to the 
glafs, the picture adc will be removed to a 
greater diftance. -For then, more rays flowing 
from every fingle point, will fall more diverging 
upon the glafs; and therefore cannot be fo foon 
colleéted into the correfponding points. behind 


“it. Confequently, if the diftance of the object 


ABC 


= 


< 
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ABC be equal to the diftance e B of the focusPlatexVI. 
of the glafs, the rays of each pencil will be fo Fig. 2. 
refradted by paffing through the glafs, that they 
will go out of it parallel to each other; asd J, 
eH, fb, from the point C; dG, eK, fD, 
from the point B; anddK, e#, fL, from the 
point 4: and therefore, there will be no pic- 
ture formed. behind tthe glafs. 

If the focal diftance of the glafs, and the 
diftance.of the object from the glafs, be known, 
the diftance of the .picture from the glafs may 
be found by this rule, viz. multiply the diftance 
of the focus by the diftance of the object, and 
divide the produé by their difference; the 
quotient will be the diftance of the picture. 

The piéture will be as much bigger or lefs pi, 13 
- than the objeét, as its diftance from the glafs is . 
greater or lefs than the diftance of the object. 

‘For, as Beis to ed, fois AC toca. Sothat 
if 4B Che the object, cd a will be the picture ; 
or, if cba be the object, ABC will be the 
picture. 

Having defcribed how the rays of light, Theman- 
flowing from objects and paffing through con- ner of vi- 
vex glaffes, are colleéted into points, and form 1 
the images of the objects; it will be eafy to un- 
derftand how the rays are. affected by pafiing 
_ through the humours of the eye, and are there- 
by collected into innumerable points on the bot- 
tom of the eye, and thereon form the images of 
the objets which they flow from. For, the 
different humours of the eye, and particularly” 
the chryftalline humour, are to be confidered 
as a convex glafs; and the rays in pafling 
through them to be affected in the fame manner 
as in pafling through a convex glafs. 


i vee The 
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Figv' 3. 


The eye 
defcribed. 
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‘The eye is nearly globular. It confifts of 
three coats and three’ humours.. The part 
DHHG of the outer coat, is ‘called the /cle- 
rotica, the ret DE FG the cornea. Next with- 
in this..coat. iss that called the chorvides,. which 


ferves.as'it-were. for .a lining to the other, and 
joins with: the iis mn, mn. ‘The iris is com- 


poled of two fets of mufcular fibres ; the one of 
a-circular form, ‘which contraéts thechole inthe 
middle called the pupidjiwhen the light would 
otherwife: be too ftrong for the eyes and the 
other of radial fibres, tending every where from 
the: circumference of the iris’ ‘towards the middle 
of the pupil; which fibres, by their contraction, 
dilate-and enlarge the: pupil when the light is 
weak, inorder to letsin the more of jits rays. 
The third coat is only a fine expanfion of the 
optic nerve L, which fpreads lke net-work all 


over the inde of the choraides, ‘and is therefore. 


called the retina; upon which are painted (as It 
were) the images of all vifible objects, by the 
rays of light which either flow or are reflected | 
from! them. 

Under the cornea isa fine anthintegt fluid 
like water,. which is therefore called the.aqueous 
humour, It gives a protuberant figure to. the 
cornea, fills the two cavities mm and 2 #,which 
communicate by the pupil P, and has'the fame 
limpidity, fpecific gravity, and refractive power 
as water. At the back of this lies the chry/ftalline 
bumour I I, which is fhaped like a double con- 
vex glafs; and. is.a littl more convex.on the 


_backothan the fore- “parts. It converges the rays, © 


which pafs through it from, every ‘vifible object 
to its focus at the bottom of the eye. This 
humour is tranfparent like chryftal, is much of 
the confiftence of hard jeilys and’ exceeds the 

{pecific 
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{pecific: gravity of water‘in®the proportion ‘of 
a1 too. It is) inclofed: inva fine tranf{parent 
membrane, froth which proceed ‘radialo fibres 
0-0, called ithe: ligamentum: eilare, “all around) sits 
edge ; and join to the Circumference of -the iris. 
Thete fibres! have a power oficontracting and 
dilating occafionally, by which means they. alter 
the fhape or convexity! of the chryftalline’-hu- 
mour, -and alfovfhife it avdittle! backward or for- 


ward inthe eye,° fo ‘as covadapt its focal diftance | 


at the:-bottom of the eye'to the different diftances 


~. of objects; without which provifion, we could 


only fee thofe objects diftinctly; that were . at 


one diftance from the eye. ° 

At the back-of the chryftalline, lies the witre- 
ous bumour*K K; which is’ ‘tranfparent liké glafs, 
and is largeft of all in quantity, ‘filling the whole 
orb of the eye, and giving it a globular fhapet 
It is much of a confiftence with the white of an 


ego, and very little exceeds the. {pecific aides | 
and refractive power of water.® © 


As every point of an object ABC fends ow 
rays in all directions, fome rays, from ‘every 
point on the fide next the eye, will fall upon 
the cornea between E and F's and by paffing on 
through the humours and pupil ef the eye, 
they will be converged to ‘as many ‘points on 


the retina or bottom ‘of the eye, and will thereon 
form a diftinct inverted picture ¢ 2 2 of thé obe - 
ject. Thus, the pencil of rays gr s that flows 


from the point 4 of the object, will be con- 
verged to the point aon the retina; thofe from 
the. point B will be converged to che point b; 


- thofe from the point C will be converged to the 
- point ¢; and fo of all the intermediate points: by 
' which means the whole image a 4c is formed, 

arid the object made vifible; althoveh it mut. 
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be owned, that the method by which this fenfa- 


tion is carried from the eye by the optic nerve to 
the common fenfory in the brain, and there 


- difcerned, is above the reach of our compre- 


henfion. 63. | 
But that vifion is effected in this manner, 


- may be demonttrated experimentally. Take a 


bullock’s eye whilft it is frefh, and having cut 
off the three coats from the back. part, quite 
to the vitreous humour, put a piece of white. 
paper over that part, and hold the eye towards 
any bright object, and you will fee an inverted | 
picture of the object upon the paper. 

Seeing the image is inverted, many have 
wondered why the'objeét appears upright. ‘But 
we are to confider, 1. That inverted 1s onlysa 
relative term: and 2. That'there is a very great 
difference between the real obje¢t.and the means 
or image by which we -perceive it. . When all 
the parts of a diftant profpect are painted upon 
the retina, they are all right with re{pect to one © 
4nother, as well as the parts of the profpect » 
itfelf; and we can only judge of an object's 
being inverted, when it is turned reverfe to its 
natural pofition, with refpect to other objects 
which we fee and compare it with,—-If we lay 
hold of an upright ftick'in the dark, we can tell 
which is the upper or lower part of it, by mov- 
ing our hand upward or downward ; ‘and know 
very well that we cannot feel the upper end by 
moving eur hand downward. Juit fo we find 
by experience, that upon directing our eyes 
towards a tall object, we cannot fee its top by 
turning our eyes downward, nor its foot by 
turning our eyes upward; but muft trace the 
object the fame way by the eye. to fee it from 
head to foot, as we do by the hand to-feel ee 
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and as the judgement is informed by the motion 
of the hand in one cafe, fo it is alfo by the mo- 
tion of the eye in the other. | 
‘In Fig. 4. is exhibited the manner of feeing pi, 4, 
the fame object 4 BC, by both the eyes D and . 
E at once. ae 
When any part of the image ¢ d a falls upon 
the optic nerve Z, the correfponding part of 
the object becomes invifible. ' On which ac- 
count nature has wifely placed the optic nerve © 
of each eye, not in the middle of the bottom of 
the eye, but towards the fide next the nofe ; fo 
that whatever part of the image falls upon the 
optic nerve of one eye, may not fall upon the 
optic nerve of the other, Thus the point @ of 
the image c da falls upon the optic nerve of the 
eye D; but not of the eye Z; and the point ¢ 
falls upon the optic nerve of the eye Z, but not 
of the eye D: and therefore to both eyes taken 
together,. the whole object 4 BC is vifible. — 

~The nearer that any objeét is to the eye, the Plate 
_ Jarger is the angle under which it is feen, and XVII. 
the magnitude under which it appears. “Thus Fig. 16 
to theeye*D, the object @BC is feen under the 
angle APC, and its image ¢da is very large © 
upon-the retina: but to the eye Z, at a double 
diftance, the fame object is feen under the angle 
ApC, which is equal only to half the angle 

A PC, as is evident by the figure. The image 

cb ais likewife twice as large in the eye D. as 
the other image cba isin the eye Z. In both | 
thefe reprefentations, a part of the image falls — 
on the optic nerve, and the object in the corre- 
fponding part is invifible. 

- As the fenfe of feeing is allowed to be occa- 
fioned by the impulfe of the rays from the vilible 
object upon the retina of the eye, and forming ~ 

, 2 P Each as Ye the 
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the image of the objeét. thereon, and that the 
retinas only the;expanfion of the optic nerve all 


over the choroides ; it fhould feem furprifing, 
., thatthe part of the, image which falls on the 
Optic nerve fhould render the like part of the 


object invifible ; efpecially as that nerve is al- 
lowed to be the inftrument by which the impulfe 
and image are conveyed to the common fenfory 
jn the brain. But this difficulty. vanifhes, when 
we confider that there.is an artery within the 


‘trunk of the. optic nerve, which entirely ob- 


icures the image in that part, ahd conveys no 
fenfation to the brain. | aie nats 
That the part of the image which falls upon 


‘the. middle. of the optic nerve is loft, and.confe- 


quently the correfponding part of the abje& is 
rendered invifible, 1s plain by experiment. For, 
if.a perfon fixes three patches, 4, B,C, upon a 
white wall, ;at the height of, the. eye, and the 
diftance of. about a foot from each other, and 
places himfelf before them fhutting the right 


eye, and directing the left towards the patch C, - 


he will fee the patches # and C, but the middle 
patch B will dilappear. -Or, if he fhuts his left 
eye, and directs the right towards 4, he will {ee 
both 4 and C, but B will difappear ; and if ‘he 
directs his eye towards B, be will fee both B and © 
4, but.notC. For whatever patch is direétly 


_ oppofite to the.optic nerve N, vanifhes. ’ This 


requires a little practice, after which he will find 
it eafy to direct, his eye, fo as to lofe the fight 
of whichever patch he pleafes. 2. ; 
_. We are not commonly. fenfible of this difap- 
pearance, becaufe the motions of the eye are 
{9 quick;and inftantaneous, that we no fooner 
lofe the fight of any part of an object, than we 
recover it again; much the fame as in the 
twinkling of oureyes, for at each twinkling we 

: at eh 4 & - oe are 
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 . are blinded 3° but icis fo foon over, that wefare 
» featcerever fenfible Obiched Ts oigos eh st 
© Some'leyes require the affiftance of «convex Fig. 4. 
 ‘glaffes.to make them-fee objects diftinétly, and ra ) 
| others of concave. If either the corneaca 4 ¢.or eqrien 
_. ¢chryftalline humour e¢, or both of them, «be too fpeciacles. 
 flaty assin the eye 4, their focus ‘will not be on fis 
| | the retina, as at d, wherevit ought tobe, .in or- 
i, _ der'to render vifion: diftin&:; but beyond the 
© veye,oas cat fo Confequently thofe rays: which 

flow from the objeét:Cyand: pals through the 
humours of the: eye; are not:converged enough 
to unite at d; and: therefore the obferver can 
have.but a very indiftinét view of the objedt. 
| This is remedied by placing a convex glats.g 4 
before the eye, which makes the rays converge 

fooner, and: imprints’ the’ image, duly: on the 

retina at do fone) voms sh adaisbee 

Tf :either the:cornea, ‘or chryftalline /humour, 

‘or both of them, be too convex, as in the eye 
_ fy the-rays that\enterin from the object-C, will 

be converged to a focus in the vitreous humour, 
as at /f3and. by diverging» from» thence: tothe | 
retina, will form avery confufed image thereon: 
: and fo, of courfe, the obferver will have as con- 
_. fufedia-view of the object, as if his eye-had been 
too flat. «This inconvenience is remedied ) by 

placing a concave glais gb before the eye; which 

elafs, by caufing the rays to diverge hetweenjit 

and «the eye, lengthens the focal: diftance 10; 
that if the-glafs be properly chofen,* the rays 

will unite at the retina,:and form a diftinét pic- 

ture of the object upon it.) 2 

Such eyes asthave their humours. of a due 

- convexity, cannot fee any object diftinctly ata 

lefs. diftance than. fix inches; and there are 

numberlefs:abjeé&ts too fmall to be feen at that 

1p P4 diftance, 


i. 
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diftance, becaufe they cannot appear undef any 
fenfible angle. The method of viewing fuch 
minute objects is by a microfcope, of which there 
are three forts viz. the /ingle, the double, and 
the folar. , ) 
Fig.s. The fingle microfcope is only a {mall convex 
The fingle . as cd, having the object @ 4 placed in its 
microfeepe- Foous, and the eye at the fame diftance on the — 
other fide; fo that the rays of each pencil, flow- 
ing from every point of the objec on the fide 
next the glafs, may go on parallel in the {pace 
between the eye and the glafs; and then; by 
entering the eye at C, they will be converged 
to as many different points on the retina, and 
form a large inverted picture 4B upon it; as 
in the figure. 

To find how much this glafs magnifies, di- 
vide the leaft diftance (which is about fix inches) 
at which an objet can be feen diftinétly with 
the bare eye, by the focal diftance of the glafs; 
and the quotient will fhew how much the glafs 
magnifies the diameter of the object. | 

Fig.6. | The double or compound microfcope, confilts of | 
The an object-glafs cd, and an eye-glafsef. The 
a. {mall object a d is placed at a little greater dif- 
* tance from the glafs ¢d than its principal focus, 

fo that the pencils of rays flowing from the dif: 

ferent points of the objeét, and paffing through | 

the glafs, may be made to converge and unite 

in as many points between g and 4, where the 

image of the object will be formed: which 

image is viewed by the eye through the eye- — 

glafs ef. For the eye-glafs being fo placed, 

that the image g may be in its focus, and the 

eye much about the fame diftance on the other 

fide, the rays of each pencil will be parallel, 

after going out of the eye-glafs, as at ¢ and J 

Cue 
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till they come to theveye at &, where they will 
begin to converge by the refractive power of 


- the humours; and after having croffed each 


other in the pupil, and paffed through’ the chryf- 
talline and vitreous humours they will be col- 
le&ted into points on the retina, and form the 
large inverted image 4B thereon, — 

The magnifying power of this microfcope is 


as follows. Suppofe the image g / to be fix 


times the diftance of the object a d from the 
object-glafs cd; then-will the image be fix times 


‘the length of the object: but: fince the image 
could not be feen diftinly by the bare eye ar — 


a lef$ diftance than fix inches, if it be viewed 
by an eye-olafs e f, of one inch focus, it will 
thereby be brought fix times nearer the eye; 


' and confequently viewed under an angle fix times 


as large as béfore ; fo that it will be again mag- 
nified fix times ; thatis, fix times by the object- 
glafs, and fix times by the eye-glafs, which mul- 


tiplied into one another, makes 36 times; and 

fo much is the object magnified in diameter more 

than what it appears.to the bare eye; and confe- 
- quently 36 times 36, or'1296 times in furface. 


But, becaufe the extent or field of view is 
very {mall in this microfcope, there are gene- 
rally two eye-glafles placed fometimes clofe 
together, and fometimes an inch afunder; by 
which means, although the object appears lefs 
magnified, yet the vifible area is much enlarged 
by the interpofition of a fecond eye-glafs; and 
confequently a much pleafanter view 1s ob- 
tained. | 
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The folar microfcope, invented by Dr. Lie Fig. 7. 


inches 


é e 


 berkbun, is conftructed in the following manner. The /olar 
_ Having procured a very dark room, lét-a round ”r¢/-opee 
hole be made in the window-fhutter, about three - 
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inches diameter, through which the fun may caft _ 


a cylinder of rays 4.4 into the room. In this 


hole, place the end of a tube, containing two 


convex glaffes and an object, viz. 1. A convex 
slafs aa, of about two inches diameter, and 
three inches: focal diftance, is to be placedin 
that end of the tube which is put into the hole. 
2. The obje& 2d, being put between two glafies 


‘(which muft be concave to hold it at liberty) 1s 


placed about two inches and a half from the glafs 
aa. 3. A little more than a quarter of an inch 
from the object is placed the {mall convex glafs 
¢ c, whofe focal diftance is a quarter of an inch. 

The tube may be fo placed, when the fun is 
low, that his rays 44 may enter directly into 
it: but when he is high, his rays B B muft be 
reflected into the tube by the plane mirrour or 
looking-glafs CC. og 128 

Things being thus’ prepared, the rays that 
enter the tube will be conveyed by the glals a@ 


‘towards the obje&t 6, by which means it will 


be ftrongly illuminated ; and the rays d which 


flow from it, through the magnifying glafs cc, 


will make a large inverted picture of the object 
at D D, which, being received on a white paper, — 
will reprefent the objet magnified in length, in | 
proportion of the diftance of-the picture from 
the glafs cc, to the diftance of the object from 


the fame glafs. Thus, fuppofe the diftance of the 


obje& from the glafs to be .3, parts of an inch, 
and the diftance of the diftinét picture to be 12 
feet or 144 inches, in which there are 1440 tenths 
of an inch; and this number divided by 3 tenths, 


gives 480; which is the number of times the 


picture is longer or broader than the object ; and 
the lenoth multiplied by the breadth, fhews how 
much the whole furface is magnified, 
Catroie ; Before 
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-Before we enter upon the. defcription of tele- Tei/copes. 
{copes,. it will be.proper to fhew how the rays 
of light are affected by pafling through concave 
glatfes, and. alfo by falling upon concave mir- 
FOUTS. | 
: When parallel rays, as ab. ¢ d efg b; -pafs Plate 
directly through a glafs 4B,.whichis equally XVI. 
concave on, both fides, they. ‘will diverge after fig 1 
paffing through, the glafs, as if. they had come 
from a radiant. point Cy in the center: of the 
glafs’ s concayity ; which point is called the ne- 
gative or virtual focus of the elafs. Thus the 
ray a, after pafting through the clafs. A Bs wall 
oo on in the direction & /, as if it-had proceeded 
from the point C, and no glafs. been in the way. 
The ray 4 will go on in the direction m”; the 
ray cin the direction o p, &c, oT het ray rae 
that falls directly upon the middle of the glafs, 
fuffers no refraction in paffing through it ;'. but 
goes on in the fame redtilineal direction, « as if 
no. glafs had been in its way. _ 
If the olafs, had been, concave only on one © 
fide, and. the. other fide quite. plane, the rays 
would have diverged, after pafling through it, 
as if they had come from a radiant point at 
double the diftance of C from the.glafs; that is, 
as if the radiant had been at the diftance of a 
whole diameter of the glafs’s concavity. 
If rays come more converging to fuch a slais, 
than parallel rays diverge after | pafling through 
it, they will continue to converge after paffing 
through it; but will not meet fo foon as if no 
_ giafs ‘had been in the way; and will incline 
towards the fame fide to which they would have 
diverged, if they had come parallel to the glafs. 
Thus the rays f and hb, going in a converging 
fate towards the edge of the glafs at B, and 
con- 


222 


EF ig. Ze 


Of Optics. ’ 

converging more in their way to it than the pa- 
rallel rays diverge after paffing through it,. they — 
will go on converging after they pafs through 
it, though in a lefs degree than they did before, 
and will meet at J: but if no glafs had been in 
their way, they would have met at 7. ‘ 

When the parallel rays, asd fa, Cmb, ele, 
fall upon a concave mirrour 4 B (which is not 


.tranfparent, but has only the furface 4 B of 


a clear polifh) they will be reflected back from 
that mirrour, and meet ina point m, at half the 
diftance of the furface of the mirrour from C, 
ahe center of its concavity: for they will be . 
reflected at as great an angle from the perpendi- 


- eular to the furface of the mirrour, as they fell 


upon it, with regard to that perpendicular ; but 
en the other fide thereof. Thus, let C be the 
eenter of concavity of the mirrour 44 B, and 
Jet the parallel rays d fa, Cmb, andelc, fall 
upon it at the points ¢, b, ande. Draw the 
lines C2 a, C mb, and C bc, from the center C 
to thefe points ; and al} thefe lines will be per- 
pendicular to the furface of the mirrour, becaufe 
they proceed thereto like fo many radii or fpokes. 
from its center. Make the angle C a b equal 


to the angle da@C, and draw the linea m 2, 


which will be the direction of the ray d f a, after 
it is refleted from the point a of the mirrour: 
fo that the angle of incidence da C, is equal to 
the angle of reflection Ca hs the rays making 
equal angles with the perpendicular CZ a on its 
oppolite fides. i 
Draw alfo the perpendicular C & ¢ to the point 
é, where the ray e/¢ touches the mirrour; and, 
having made the angle Cc 7, equal to the angle 
C ce, draw the line ¢ a7, which will be the 
ih | | courfe 
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courfe of the raye/c, after it is reflected from 
the mirrour. 

The ‘ray :C'm5 paffes through the center of 
concavity of the mirrour, and ‘falls upon it at 
_, the perpendicular to it; and is therefore re- 
flected back from it in the fame line d mC. 

All thefe-reflected rays meetin the: point ™; 
and in that point the image of the body which 
emits the parallel rays da, Cd, and ec, will’be 
formed: which point is diftant from ‘the mir- 
rour equal to half the radius d # C of its-con- 
cavity. ‘ : | 
_ The rays*which proceed from any celeftial 
object may be éfteemed parallel at the'earth 5 
and therefore, the images of that:dbyeét will (be 


formed atm, when the refleG@ting furface of the — 


concave mirrour sis turned directly towards the 
objeat. . Hence, the focus: of parallel rays 
is not in the center of ‘the ‘mirrour’s ‘concavity, 
‘but half way -berween othe -mirrour and that 
center. BY | nr 
The rays «which ‘proceed from ‘any remote 
terréftrial object, are nearly parallel‘at the mir- 
sour’; not ftri@tly fo, but come diverging-to-it, 
in feparate pencils, or, ‘as it were, bundles of 
rays, from each:point of the ‘fide of the object 
‘next the mirrour: and therefore they will not 
be converged to a-point, ‘at the diftance of half 
the radius of the mirrour’s concavity from its 
reflecting furface; ‘but into ‘feparate ‘points ata 
little greater'diftance from the mirrour. And 
the nearer the object “isto the mirrour, the’ far- 
ther thefe points will ‘be from it; and an in- 
verted image of the object will be formed in 
them, which will feem to hang pendent in the 
airs and will be feen by an eye placed beyond 
it (with regard to the mirrour) in all gyre 
lixe 
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- like’the obje&t,’ and. as diftin&. as’ the dbjeé 


itfe}f. | rien 33 
», Let 4c B be the reflecting furface of a\mir- 
rour, -whofe ‘center, of ;concavity is»at:C; and | 
let the upright object. D E be placed beyond the 
center C, and fend, outa-conical: pencil of di: 
verging rays from, its upper ‘extremity D; to 
every point of the concave: furface; of the rhir= 
rour 4c B.. But. to avoid: confufion, we only 
draw three rays, of that pencil; as D4, D+; 
DB. + Yt * ody Tad eo laos Tae 
From the center of concavity C; draw:the 
three right lines C4, Cc, C By-touching ‘the 


: 


_mirrour in the fame points where the forefaid 


rays touch it; and all thefe lines will be per- 
pendicular to the furface of the mirrour. Make — 
the angle C 4 d equal to the angle D.4.C,:and - 
draw the right line 4d for the courfe of the 
reflected ray D 4: make the angle C c d equal 
to the angle D ¢ C, and draw the right lineed ~ 
for the courfe of the reflected ray Dd: make 
alfo the angle CB d equal tothe angle D BC, 


_and draw the right line B d for the’courfe of the — 


reflected ray D B. All thefe reflected rays:will 
meet in the. point d, where they will form the 
extremity d of the inverted image ed, fimilar to 
the extremity D of the upright object DZ.) » 
If the pencils.of rays Ef, Eg, Eb be alfo 
continued to the mirrour, and their angles of-re+_ 
flection from it be made equal-to their-angles of 
incidence upon it, as in the former pencil from 
D, they will all meet at the point e by reflection, 
and form the extremity e of the image ed, fimi« 

Jar to the extremity E of the object D E. | 
And as each intermediate point of the objec, — 
between D and £, fends out a pencil of rays:in 
like manner to every part of the mirrour; the 
7 - rays 


tance required. 
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_ rays of each pencil will be reflected back from 


it, and meet in all the intermediate points be- 
tween the extremities e and d of the image ; and 
fo the whole image will be formed, not at 3, 
half the diftance of the mirrour from its center 


of concavity C; but at'a greater diftance, be-. 
tween @ and the object D E; and the image will 
_ be inverted with refpect to the object. | 


This being well underftood, the reader will 
eafily fee how the image is formed by the large 
concave. mirrour of. the reflecting telefcope, 
when.-he comes to the defcription of that in- 


- ftrument. . | 


_ 


When the objeét is more remote from the 


mirrour than its ‘center of concavity C, the 
image will be lefs than the object, and between 
the object and mirrour : when the object is nearer 


than the center of concavity, the image will be 


more remote and bigger than the object: thus, 
if D E be the object, e d will be its image ; for, 


as the object recedes from the mirrour, the 


image approaches nearer to it; and .as the ob- 
je approaches nearer to the mirrour, theamage 
recedes farther from ‘it; on account of the lefler 
or greater divergency of the pencils of rays 


which proceed fromthe’ objeét; for, the lefs 


they diverge, the:fooner they are converged to 


points by reflection;:and the more they’ di- 


verge, the farther they muft be refiected before 
they meet. ~ 1 13 
» If the radius of the mirrour’s concavity and 
the diftance of the obje&t from it be known, the 
diftance of the image from the miurrour is 


found by this rule: divide ‘the product of the | 


diftance and radius by double the diftance made 
lefs. by the radius, and ithe quotient is the dif- 


lf 
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_ Hf the obje& be in the centerof the mitrour’s 
concavity, the image and object will be coinci- 
dent, and equal im bulk. | 

If a:manplaces himfelf directly before a large | 
concave mirrour, but farther from it than its 
center of concavity, che will fee an inverted 


image of himfelf in the air, between him and 


the mirrour, of .a lefs fize than ‘himfelf. And 


$f he holds out his hand:towards the mirrour, 


the hand of the image’ will come-out towards 
his hand, «and coincide with it, of an equal 


- bulk, when his hand is in the center of conca- 


vity; and he will imagine he may thake hands 


with his image. If he reaches his hand farther, — 


the hand.of the image will pafs by his hand, and 
come between his handand his body: andifhe . 
moves ‘his hand towards either fide, the hand of _ 
the image will move towards the other ; fo that 
whatever way the object moves, the image will 


move the contrary. 


All the while a by-ftander will fee nothing of 
the image, becaufe none sof the reflected rays 
that form itenter his eyes. | 

If a fire be made in a large room, anda 


- {mooth mahogany itable be placed at a good — 


diftance near the wall, before a large concave 
mirrour, fo placed, ‘that the light of the fire 


may be reflected from the :mitrour ‘to itsfocus — 


upon theitable; if a.perfon ftands by the table, 
he will fee nothing upon it but a longifh beam | 
of light: butif he ftands at adiftance towards 
the fire, not directly ‘between the fire and 
mirrour, “he will fee an image of he ofitésupon 
the table, large and ereét. And if another per- 


- fon, who knows nothing of this matter before- 


hand, fhould chance to come -into the room, 
and fhould look from the fire towards the table, 
& he 
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he would be ftartled at the appearance; for the Plate 
table would feem to be on fire, and by being XVII. 
near the wainfcot to endanger the whole houfe. 

In this experiment, there fhould be no, light 

in the room but what proceeds from the fire; 

and the mifrour ought to be at leaft fifteen 
inches in diameter. | ig 
If the fire be darkened by a fcreen, anda 
Jarge candle be placed’at the back of the fcreen; 

a perfon ftanding by the candle will fee the 
appearance of a fine large ftar, or rather platiet, 

upon the table, as. bright as Venus or Jupiter. 

And if a fmall wax taper (whofe flame is much 
‘ Jefs than the flame of the candle) be placed near 
the candle, a fatellite to the planet will appear — 
on the table: and if the taper be moved round. | 
thé candle, the fatellite will go round the planet. 

For thefe two pleafing experiments, I am in- 

debted to the Jate reverend Dr. Lone, Lowndes’s 
. profeffor ‘of aftronomy at Cambridge, who fa- | 
voured me with the fight of them, and many 
more of his curious inventions, | 

In a refraéting telefcope, the glafs which is the pp. 
neareft the object in viewing it, is called the fading 
objeti-glafs; and that which is neareft the eye, #¢/</cope. 
is calied the eye-glafs. The object-glafs muft 

be convex, but the eye-glafs may be either 
convex or concave: and generally, in looking 
through a telefcope, the eye is in the focus of — 
the eye-glafs ; though that is not very material : 

for the diftance of the eye, as to diftinét vifion, 

is indifferent, provided the rays of the pencils 

fall upon it parallel: only, the nearer the eye 

is to the end of the telefcope, the larger is the 
{cope or area of the field of view. , | 

Let cd be a convex-glafs fixed’ in a long tube, Fig, 4, 

and have its focus. at £.. Then, a pencil of ae | 
S29 
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gh 4; flowing from the upper. extremity 4 of thé, 


“remote object d B,, will be fo refracted by paffing. 


through the glals, as to converge and meet in. 


the point f;.whilft the pencil of rays k/m, flow-, 


of the points 4 and By will be formed in the 


ing from the lower extremity B, of the fame ob-, - 
ject 4B, and paffing through the glafs, will con-,_ 
verge and meet in the pointe: and the images . 


points f.and ¢. And as all. the intermediate. - 


points of the objet, between 4 and B, fend out 


pencils of rays in, the fame manner, a fofficient 
number of thefe. pencils will pafs through the — 


object-glafs ¢ d, and converge to as many.inter- 
mediate points between ¢ and f; and fo will form 
the whole inverted image e # f, of the diftinét, 


object. But becaufe this image is fmall, a con-,,.. 
cave. glafs m@ 1s fo placed in the end of the tube. - 


next the eye, that its virtual focus may be at F. 
And as the rays of, the pencils. pafs converging . 


through the concave glafs, but converge lefsafter 
paffing through it than before, they go.on fur-__ 


ther, as to 4 and a, before they meet; andthe 
pencils themielves being made to diverge by 
pafling through the concave glafs, they enter the . 


eye, and form the large picture 2 4 upon.the, . 
retina, whereon it is magnified under the angle - 


oF a. . 


But this telefcope has one inconven 


lef : iency. which... 
renders it unfit for moft purpofes, which is, that... 


the pencils of rays being made. to. diverge. by... 


the object 4B can enter the pupil of the eye at 


above 


C, but are all ftopt. by falling upon, the, iris ._ 


-pafling through the, concave. clafs.z0, very few. 
of them, can enter the,pupil of the eye; and _ 

_ therefore the field of view.1s but very cal AS). 

is evident. by the figure. For none of the pen-. . 
cils which flow either from the top or bottom of . 
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above aid’below the pupil : and therefore, only: 
the middle part of the object can be feen when 
the telefcope lies directly towards it, by means 
of thofe rays which proceed from the middle of. 
the object.” So that to fee the whole of it; the 
telefcope muft be moved, upwards and down- 
wards, unlefs the objeét be vety remote; and 
then it is never feen diftinétly. — 


4 
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‘This inconvenience is remedied by fubftitut- Fig; &é 


ing a convex eye-glafs, as g b, in place of the. 
concave one; and fixing it fo in the tube, that, 
its focus may be coincident with the focus of the. 
object-glafs ¢ d, as at Z. | For then, the rays of 
the pencils flowing from the object 4 B, and. 
paffing through the object-glafs ¢ d, will mieet in’ 
_ its focus, and form the inverted image m E p:. 
_ and as the image is formed in the focus of the 
eye-glafs g 2, the rays of each pencil will be pa- 
rallel, after paffing through that glafs ; but the 
pencils themfelves will crofs in its focus; on the 
other fide, as ate: and the pupil of the eye. 
being in this focus, the image will be viewed. 


through ‘the glafs, under the angle ge; and 


being at 4, it will appear magnified, fo as to fill. 
the whole fpace Cm ep D..— Bile rbikad 2 
But, ‘as this telefcope inverts the image with. 
refpect to the object, ‘it gives an unpleafant view. 
_ of terreftrial objeéts ; and is only fic for viewing, 
the heavenly bodies, in which we regard not their. 
pofition, becaufe their being inverted does not. 
appear, on account of their being round. Bue. 
whatever way the object feems to move, this tele-. 
{cope muft be’ moved the contrary way, in order. 
to keep fight’ of it’; for, fince the obje& is in- 
verted, its motion will be fo too. po dak 
_The magnifying power of this tele{cope is, 
as the focal diftance of the obje@t-glafs iA rhe. 
"eee Gd Sab hS Qa ‘ | “ toca 


 %30 


Of Optics. 
focal diftance of the eye-glafs. Therefore, if the 
former be divided by. the latter, the quotient 
will exprefs the magnifying power. 
When we fpeak of the magnifying of a tele- 
{cope or microfcope, it is only meant with regard 


. to the diameter, not to the area or folidity of the. 


objeét. Butas the inftrument magnifies the ver- 
tical diameter, as much as it does ‘the horizontal, 

it is eafy to find how:much the whole vifible area 
or furface is magnified : for, if the diameters be 
multiplied into one another, the product. will 
expreis the magnification of the whole vifible 
area, Thus, fuppofe the. focal diftance.of the 
object-glafs be ten times as great as. the focal 
diftance of the eye-glais; then, the object will 


‘be magnified ten times,” both in length and 


breadth: and 10 multiplied by 10, produces 
100; which fhews, that the area of the object 
will appear 100 times as big when feen through 
fuch a telefcope, as it does to the bare eye. 

Hence it appears, that if the focal diftance of 
the eye-glafs, were equal to the focal diftance of 
the objet-elafs, the magnifying power of the 
telefcope would be nothing. 

This telefcope may be made to magnify in any 
given degree, provided it be of a fufficient _ 
length. For, the greater the focal diftance of. 


the: object-elafs, the lefs may be the focal 


diftance of the eye-glafs; though not directly in 
proportion. Thus, an object-glafs, of 10 feet 
focal diftance, will admit of an eye-glafs whofe 


focal diflance is little more than 23 inches; 


which will magnify near 48 times: but an obe 
jett-glafs, of 100 feet focus, will require an eye- 
glafs fomewhat more. than -6 inches ; and will 
therefore magnify” almoft 200 times. _ 
A tele{cope for viewing terreftrial objects, fhould, 
be fo conftructed,-as to thew them in their natural 
pofture. 
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pofture. And this is done by one object-elafs Fig. 6. 
cd, and three eye-glaffes ef, gb, ik, fo placed, 
that the diftance between any two, which are 
neare{t to each other, may be equal to the fum 
of their focal diftances ;' as in the figure, where 
the focus. of the glafles cd and ef meet at F, 

thofe of the glaffes efandg, meet at J, and of © 
g4andik, atm; the eye being ac n, in or néar 
the focus of the eye-glafs 7 &, on the other fide. 

Then, it is plain, that thefe pencils of rays, which 
flow from the object 4 8, and pafs through 
the object-glafs ¢ d, will meet and form an in- — 
verted image C FD in the focus of that glafs; 
and the image being alfo in the focus of the elafs | 
ef, the rays of the pencils will become parallel, 
after pafling through that glafs, and crofs ati, — 
in the focus of the glafse f; from whence they 

pafs on to the next glafs g 6, and by going 
through it.they are converged to points in its 
other focus, where they form an ere&t image 

E m F, of the object 4B: and as this image is 
alfo in the focus of the eye-glafsi 4, and the eye 

on the oppofite fide of the fame glafs, the image 
is viewed through the eye-glafs in this telefcope, 
in the fame manner as through the eye-glafs in 
the former ones, only in, a contrary pofition, 
that is, in the fame pofition with the object. 

The three glaffes next the eye, have all their 
focal diftances equal: andthe magnifying power 

_ of this telefcope is found the fame way as that 
of the laft above; viz. by dividing the focal 
diftance of the objett-glafs ¢ d, by the focal 
diftance of the eye-glatsi k, or gb, or ¢ f, fince 

‘al these three-are equals. 737°’ 

_ When the rays of light are feparated by re- 
fraction, they become coloured, and if they be 
united again, they willbea perfect white. But 

Pics | thofe 


232 Ne Of Optics. 


pears CO- thofe which are nearer the middle of the glafs. 
Joured i nequal 
when feen * 


Sy 


he re- | The great inconvenience attending the ma- 
pears nagement of long telefcopes of “this kind, has 
fee “Drought them much into difule ever fince the 


Fig. 7. At the bottom of the great tube TTT T is 
'“" placed the large concave mirrour DUV F, whole 
ett) ei MOG 12) 


principal focus is atm; and in its middle is a 
round hole P, oppofite to which is placed the 
{mall mirrour Z, concave toward ‘the great. 
one; and fo fixed to a ftrong wire M4 that it 
may be moved farther, from the great mirrour, 
pr nearer to it, by. means of a long {crew on the 

eho eaeientnast Out: 
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__ gutfide of the tube, keeping i its axis fill j in ‘the 
fame line Pmn with that of, the great _one,— 
Now, fince in viewing a very remote object, we 
can fcarce fee a point of it but what is at leaft as 
broad as the great mirrour, we may confider the 
rays of each pencil, which fow from every point 
of the object, to be parallel to each,other, and 
to cover the whole. reflecting furface DUVE. 
‘But to avoid confufion in, the figure, we fhall 
only draw two rays of a pencil flowing § from each 
extremity of the ehee into the great. babe and 


its lower extremity 'B, and the rays. E from its 
upper extremity 4. Then the, rays C falling 
parallel upon the great mirrour at D, : will be 
‘thence. reflected, converging in. the dire@tion 
DG; and by croffing at Lin the principal focus 
of the mirrour, they will form the upper extre- 
mity J of the inverted image IK, fimilar to, the 
lower extremity B of the object 4 B.:and paf- 
fing onto the concave mirrour.L (whofe focus 
is at 7) they will fall upon it at.g, and be thence 
reflected converging, in the diréétion gN, becaufe 
(g mis longer thang 2; .and paffing through the 
hole P in the large. mirrour,, they would meet 
fomewhere about 7, and form the lower extremity 
d of the ere& image a d, fimilar to the lower.ex- 
tremity B of the object. B. . But by. pafling 
through the plano-conyex, glafs Rin their way, 
they, form that extremity of. the, image. at... 
In like manner, the rays £, sbi ch come from the 
top of the object 4 B, and fall parallel upon the 
great mirrour at F, are thence reflected converg- 


Q 4 ing 


as 
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- ing to its focus, where they form the lower ex- 


tremity K of the inverted image /K, fimilar to 
the upper extremity 4 of the object 4B; and — 


thence paffing on to the fmall mirrour Z, and 


falling upon it at 4, they are thence reflected in 


the converging ftate 2O; and going on through 
the hole P of the great mirrour, they will meet 


fomewhere about g, and form there the upper 
extremity a of the erect image a d, fimilar to the 
upper extremity 4 of the object 4B: but by 
affing through the convex glafs £ in their way, 
they meet and crofs fooner, as at a4, where that 
point of the erect image is formed.— ‘The like 
being underftood of all thofe rays which flow 
from the intermediate points of the object, be- 
tween 4 and B, and enter the tube 77; all the 
intermediate points of the image between @ and 
b will be formed: and the rays paffing on from 
the image through the eye-glafs §, and through — 
a {mall hole e in the end of the leffer tube 7 ¢, 
they enter the eye f, which fees the imagead | 
(by means of the eye-glafs) under the large 
angle c e d, and magnified in length, under that 
angle frome tod. , | 
In the beft reflecting telefcopes, the focus of 


the fmall mirrour is never coincident with the 


focus m of the great one, where the firft image 
EK isformed, but a little beyond it (with refpect 
to the eye) as at z: the confequence of which is, 
that the rays of the pencils will not be parallel 
after reflection from the fmall mirrour, but con- 
verge fo as to meetin points about g,¢,73; where 
they will form a larger upright image than a d, 


if the glafs R was not in their way: and this 


image might be viewed by means of a fingle 


-eye-glafs properly placed between the image 
and the eye: but then the field of view would be 


lefs, 
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jefs, and confequently not fo pleafant ; for which 


reafon, the glafs R is ftill retained, to enlarge 


the {cope or area of the field. © | 

To find the magnifying power of this tele- 
{cope, multiply the focal diftance of the great 
mirrour by the diftance of the {mall mirrour 
from the image next the eye, and multiply the 
focal diftance of the fmall mirrour by the focal 
diftance of the eye-glafs: then, divide the pro- 
duét of the former multiplication by the pro- 
duct of the latter, and the quotient will exprefs 
the magnifying power. 

I fhall here fet down the dimenfions of one of 
Mr. Shori’s reflecting telefcopes, as defcribed in 
Dr. Smith’s Optics. : | 

The focal diftance of the great mirrour 9.6 

‘inches, its breadth 2.3; the focal diftance of the 
{mall mirrour 1.5, its breadth 0.6: the breadth 
of the hole in the great mirrour 0.5 ; the diftance 
between the fmall mirrour and the next eye-elafs 
14.2; the diftance between the two eye-glafies 
2.4; the focal diftance of the eye-glafs next the 
metals 3.8; and the focal diftance of the eye- 
glafs next the eye 1.1. 

One great advantage of. the reflecting tele- 
{cope is, that it will admit of an eye-glats of a 
much fhorter focal diftance than a refracting 
telefcope will ; and, confequently, it will mag- 
nify fo much the more: for the rays are not 
coloured by reflection from a concave mirrour, 
if it be ground to a true figure, as they are by 
paffing through a convex-glafs, let it be ground 
ever fo true. — | 

The adjufting ferew on the outfide of the 

great tube fits this telefcope to all forts of eyes, 
py. bringing the fmall mirrour either nearer to 

_ the eye, or removing it farther: by which 

‘eof means, 
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means, the rays are made to diverge a little for 
“Short-fighted eyes, or to converge for thofe of a 
long fight. : RE a he 
The nearer an object is to the telefcope, the 
"more its pencils of rays will diverge before they 
‘fall upon the great mirrour, and therefore they 
will be the longer of meeting in points after re- | 
flection ; fo that the firft image J K will be 
formed at a greater diftance from the large mir- 
-rour, when the objeé is near the telefcope, than - 
when itis very remote. But as this image muft 
be formed farther from the fmall mirrour than 
its principal focus #, this mirrour muft be always 
fet at a greater diftance from the large one, in 
viewing near objects, than in viewing remote 
ones. snd this is done by turning the fcrew on 
the outfide of the tube, until the {mall mirrour 
be fo adjufted, that the object (or rather its 
image) appears perfect. ; 
In looking through any telefcope towards an 
object, we never fee the object itfelf, but only 
that image of it which is formed next the eye in 
the telefcope. For, if a man holds his finger or a 
ftick between his bare eye and an object, it will 
hide part (if not the whole) of the object from 
his view. But if he ties a ftick acrofs the mouth | 
of a telefcope, before the object-glafs, it will hide 
no part of the imaginary object he faw through © 
the telefcope before, unlefs it covers the whole 
‘mouth of the tube: for, all the effect will be, to 
'- make the objet appear dimmer, becaufe it in- 
tercepts part of the rays. Whereas, if he puts 
only, a piece of wire acrofs the infide of the tube, 
between the eye-glafs and his eye, it will hide 
part of the object which he thinks he fees: which 
proves that he fees not the real object, but its 
image. This is alfo confirmed by cial | sai | 
mall » 
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Amall : mirrour L, in ,the reflecting | telefcope, 


which is made, of opake , metal, and dtands di- 
realy , between the eye and ithe. objea towards 


which. the telefeope, is,turned.; and.will hide the © 


“whole abject. from the eye aty, if the two glaffes 
Rand S.are taken out of, the, males dio 3st 


_ The multiplying glafs is »made by grinding platexry. 
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down the round fide hi ik of a.convex glafs 4 B, Fig. 1. 
Anto feveral flat furfaces, as b b,,b 1d, d &. ‘Anob- 1 ee 
ject C_will not, appear magnified, when ‘feén siping 


through. this glafs, by the eyeat\A; ‘but it willg/44. _ 


“appear multiplied into as many. different objects 
asthe glafs contains plane:furfaces, » Por, fince 


- rays will fow from the object C>tovall parts of 


the glafs, and each plane furface will refrac thefe 
rays to the eye, the fame objeét will appear to 
abe eye, in the direction of the rays which enter 
it through each furface.. Thus; a ray gi H, 
falling perpendicularly on the middle furface, 
“will go, through the glais to the eye without fuf- 
"fering any refraction; and will therefore thew 
the object in its true place at @: whilft a ray ad 


flowing from the fame object, and falling ob-. 


| liguely. on the plane furface 2 b, will be refracted 
inthe direction .e, by pafling through the glafs; 


and upon leaying it, will go on tothe eyeinthe 
direction e A; which: will ‘cafe the fame object 


_C to appear alfo at.#, in the direction of the ray 
He, produced in the right line Hex. And the 
tay ¢.d, flowing from) the object C, and falling 
pbliquely on the plane furface 4.2, will-be refract- 
ed (by pafling through the glafs and: leaving it 


at iD) tothe eye at 3; which will caufe the fame | 


objeé&t to appear at D, in the direction H fa— 
‘If, the shi be turned round «the line ¢ / H, as 
an ‘axis, the object C will keep its place, becaufe 
"the furface 6¢d is not removed; but all the 
other 


4 Hane 8G 
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other objects will feem to go round C, becaufe 


the oblique planes, on which the rays 2b, ¢ d 


. Big. 2: 
The ca- 
mera oba 
feura. 


fall, will go round by the turning of the glafs. 
The camera obfcura is made by a convex glafs 


CD, placed in a hole of a window-fhutter. 
Then, if the room be darkened fo as no light. 


can enter but what comes through the glafs, the 


pictures of all the objects (as fields, trees, build- 
ings, men, cattle, &c.) on the outfide, will be. 


hewn in an inverted order, on ‘a white paper 


placed at GAin the focus of the glafs; and 
will afford a moft beautiful and perfect piece of 
perfpective or landfcape of whatever is before 
the glafs; efpecially if the fun thines upon the 


objects. ) 
_ If the convex glafs C D be placed ina tube in 


the fide of a: {quare box, within which is the 


plane mirrour £ F, reclining backwards in an 
angle of 45 degrees from the perpendicular & q, » 
the pencils of rays flowing from the outward ob- 
jects, and paffing through the convex glafs te 
the plane mirrour, will be reflected upwards 
from it, and meet in points, as J and K (at the 
fame diftance that they would have met at Hand 
G, if the mirrour had not been in the way) and 
will form the aforefaid images on an oiled paper 
ftretched horizontally in the direction I K ; on 
which paper, the out-lines of the images may 
be eafily drawn with a black lead pencil; and 
then copied on a clean fheet, and coloured by 
art, as the objects themfelves are by nature.— 
In this machine, itis ufual to place a plane glafs, 
unpolifhed, in the horizontal fituation FK, which 
glais receives the images of the outward objects; 
and their outlines may be traced upon it by a 
black-lead pencil. SO. Sait gahKe A 

| N. B, 


Of Optics. 

N. B. The tube in which the convex elafs 
CD is fixed, muft be made to draw out; or pufh 
in,’ fo as to adjuft the diftance of that glafs from 
the plane mirrour, in proportion to the diftance 
of the outward objects ; which the operator does, 


until he fees their images diftinétly painted on. 


the horizontal glafs.at J K. 
The forming a horizontal image, as IK, of an 


upright object 4B, depends upon the angles of. 


incidence of the rays upon the plane mirrour 


E F, being equal to their angles of reflectionfrom » 


it. For, if.a erpendicular be fuppofed to be 
drawn to the fi 

where the ray 4a@C e falls upon it, that ray will 
be refle€ted upwards in an equal angle with the 
other fide of the perpendicular, in the line ed L. 
Again, if a perpendicular be drawn to the mir- 
-rour from the point f, where the ray 4.5 f falls 
‘upon it, that ray will be reflefted in an equalh 
angle from the other fide of the perpendicular, in 
the line f .  Andif a perpendicular be drawn 
from the point.g, where the ray 4c g falls upon 
the mirrour, that ray will be reflected in an equal 
angle from the other fide of the perpendicular, 

in the line gz J. So that all the rays of the pencil 
abc, flowing from the upper extremity of the 
objest A B, and paffing through the convex glafs 


C.D, to the plane mirrour ZF, will be reflected | 


4 from the mirrour, and meet at J, where they will 


form the extremity I of the i image J K, fimilar | 


to the extremity 4 of the object 4B. The 
like is to be underftocd of the pencil qr 5, flow- 
ing irom, the lower extremity of the object 4 B, 
and meeting at K (after reflection from the plane 
mirrour) the rays form the extremity K of the 
image, fimilar to the extremity B of the object: 
and ‘fo of all the pencils that flow from the in- 
termediate 


urface of the plane mirrour at ¢, | 
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‘termediate points of the objec to the’ mirrour, 
through: the’ convex ‘elafs:: és A 
[f-a convex’ glafs; of a thort' focal diftance, bé' 
placed 'near'the plane ‘mirrour, in’the’ end of a? 
fhort tube; and*a’ convex: glafs be’ placed in’ a” 
hole in-the fide of ‘the tube; fo as the image may! 
_ be formed between the’ laft-mentioned ‘convex ! 
giafs, and the. plane mirrours the image being 
_ viewed through’ this glafs will appear magnified.’ 
—In this ‘manner the opera-glaffes are conttruct- 
ed; with which ‘a ‘gentléman ‘may look’ at any’ 
lady:at a diftance‘in thecompany, and the lady’ 
know nothing of it.’ 10 fat 
The image of any object that»is- placed before” 
: a plane mitrour, appears as big*to the eye as the”. 
"The com- oy PO cy Tits ae he eR eh PRPS re ree 
mon Zoos. Object itfelt's ‘and is erect, diftingt, and feeming=? 
ing glafs. \y-as far behind ‘the mirrotir, as the object is be-- 
fore it: and*that ‘part: of thé mirroury*which ! © 
réflects the ‘image of the objeét'té the eyé (the ’ 
‘eye being fuppofed equally diftant from the glafs ° 
with the object) is juft half ‘as‘long -and'half as’ ’ 
Fig, 3. broad’ as the*object itfelf!’ Let.4'Bobe an ob- 
ject placed before the refléting ‘furface gb 7 of ' 
the plane mirrour C D; ‘and'let the eyeé'be at a. 
Let 4b be a ray ‘of light’ flowing from the top’: 
A of the object, and falling upon ‘the mitrour at® 
bi: and hm be'a perpetidicilar to the furface of 
the mirrourat 4 the ray 7 will be refle@ed” 
from the’ mirrour: to ‘thé eyé ‘at 0, making an’. 
angle m b o equal to the angle 4 m? then will © 
the top of the image Z appear to’ the’eye in the’ .4 
direction of the reflected ray'o b*pfoduéed to E, - 
where the tight line"Ap ‘E, front thé’ ‘top of the’ 
object; cuts the right liné ob Ey ak. Let Be* 
bea ray of light proceéding fromthe foot'ofthe® 
object ‘at B to’ the mirrour ati; /and'#'Z a‘pers” 
pendicular°to ‘the ‘mitrour‘froay'theé point 4° 
| where 


The 
opera- 


glafe 
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where:the.ray:B z falls upan it: .thiswray will be» 
refleGted in the line 7 0, making an angle x za,., 
equal to the angle. B42, with. that, perpendi- 
cular, and-entering the eye at.o: then:will the 
foot F of the image appear; in the direction: of «. 
the reflected ray oi, produced.to, F, where the. 
right line BF’ cuts the reflected ray produced to. 
F. All the other rays that. flow. from the inter=. 
mediate points of the object 4B, and fall upon. 
the mirrour between 4 and 2, will be reflected to 
the eye at o ; and all the intermediate points of .. 
the image EF willappear.to the.eye in. the.di-; 
rection-line, of , thefe. reflected. rays produced... 
Butall the rays.that flow. from the objed, .and.. 
fall upon the mirrour above 4, _. will be:reflected ;:. 18 
back .above. the.eye ato; and.all the rays,thac 
flow. from the object, and, fall upon the mirrour . 
below z, will be reflected, back below.the-eye.at » 

o: fo that none of the rays that fall above.d, or. 
below 7, can, be .reflected to the eye ato; and. . 
the diftance between / and 7 is equal.to half the . 
length of the,object 4B. ne | 
Hence it appears, that if a man fees;his whole.A man 
image, in a plane Jooking-glafs,, the part of the.will fee . 
glafs that refleéts his image muft be juft half. as bis cm 
| is and. half. as.broad.as himfelf, let him ftand ooking. 
at any diftance from. it whatever; and. thar his elafs, that 
image muft appear juft as far behind the glafs.as 1s but | 
he is before. it. . Thus, the man 4 &. viewing one 
himfelf in the plane mirrour.@ D, which is juft Fie ‘a 
halfas.long,as himfelf, fees-his whole image as - 
at EP, .behind the glafs,. exactly equal .to.his.. 
own. fize...,. For, a ray 4. C proceeding from-his.. - 
eye at 4, and.falling. perpendicularly. upon the 
furface of the glafs at C, .is reflected back to his ° 
eye.in the:fame line.C 4; .and the eye of his 
image will appear at £, in the fame line pro- 

ia 7 . duced 
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duced to Z, beyond the glafs. And aray B DB; 
flowing from his foot, and falling obliquely om 
the glafs at D, will be reflected as obliquely ort 
the other fide of the petpendicular a 6 D, in the 
direction D A; and the foot of his image will 
appear at F, in the direction of the reflected ray 


AD, produced to F, where it is cut by the right 
ine BG F, drawn Pee to the right line ACE. 
Juft the fame as 1 


the glafs were taken away; 
and a real man ftood at F, equal in fize to the 
man ftanding at B: for to his eye at 4, the eye 
of the other man at E would be feen in the di- 
rection of the line 4C E; and the foot of the 
man at F would be feen by the eye 4, in the 
direétion of the line 4D F. i 

If the glafs be brought nearer the man 4 B, 
as fuppofe to c 4, he will fee his image as at 
CDG: forthe reflected ray C 4 (being perpen- — 
dicular to the glafs) will fhew the eye of the 
image as atC’; and the incident ray B 4, being 
reflected in the line J 4, will fhew the foot of his 
image as at G; the angle of reflection ad 4 being 
always equal to the angle of incidence Boa: 
and fo of all the intermediate rays from 4 to B. 
Hence, if the man 4B advances towards the 
glafs C D, his image will approach towards it s 
and if he recedes from the glafs, his image will — 
alfo recede from it. 

Having already fhewn, that the rays of light 
are refracted when they pafs obliquely through 
different mediums, we come now to prove that 


fome rays are more refrangible than others; and 


that, as they are differently refracted, they ex- 
cite in our minds the ideas of different colours. 
This will account for the colours feen about the 
edges of the images of thofe objects whieh are 
viewed through fome telefcopes. | 

| 2 } Let 


— 
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“> Letithe fun fhine into a dark room.through a Fig. 5. 
finall:hole,) as.at ¢ ¢, in: a,window-fhutter; and 
place a/triangular prifm BC in the beam of rays 
, in fuch a manner, that:the beam may fall: ob- 
Jiquely on one of the fides 24C of: the prifm. 
The rays will fuffer different: refractions by paf- The 
fing: through the:prifm, fo that inftead of going prim. 
all out’ of it on the vfide d@C, in one direétion, 
they willigo on fromiit inthe different direétions 
reprefented by the:lines f, ¢, b,:4, k,l, mi, n3 and 
falling:upon the oppofite: fide of the room, or 

- oniwhite paper placed: as at p g,\to receive them, . 
» they will:paint upon it a feries of moft-beautiful 
lively. colours (not to be equalled by art): in this Tye co. 
_ order, viz. thofe rays which:are leaft refraéted by lours of 
theiprifm, and.will therefore:go on between’ the He 4ght 
- lines 2 and m,’ will be of a very bright‘intenfe 
red. at ‘z, degenerating from thence “gradually 
_into an otange colour, as'they are nearer the line 

m: the next will be of a fine orange: colour'at 
m, andifrom thence degenerate into a yellow co- 

lour towards /: at they will be of a fine yellow, 

which will incline: towards a green, more’and 

more, as they are nearer and: nearer &:-at\k they 
~ will/be a pure green, ‘but from thence. towards z 

they will incline gradually to a:blue: ‘até they 
will.be’a perfect blue,.inclining to an indigo co- 
lour from. thence towards B: at b they will be 
- quite the colour of-indigo, which will gradually 
change towards a violet, the nearer they are-to 
- gs and at g they willtbe of a fine violet colour, 
* which will incline gradually toa red as they 
» come nearer to f, where-the coloured image 
€ndse3 0) 20 A eB OM 

+ There is not an equal quantity of rays in each 

_ Of. thefe colours for, if the oblong image pq 

__ be-divided into 360 equal: parts, the red. fpace 


* yids 
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R will take up 45 of thefe parts; the orangé O, 
27; the yellow 7, 48; the green G, 60; the — 

blue B, 60; the indigo J, 40; and the violet V, 
80: all which {paces areas nearly proportioned in _ 
the figure as the {mall {pace gp would admit of. 
_If all thefe colours be blended together again, 
they will make a pure white; as is proved thus. 
Take away the paper on which the colours pq 
fell, and place a large convex glafs D in the rays 
frg, 2; Sc. which will refract them fo, as to make 


“them. unite and crofs each other at W: and if a — 


white paper be placed to receive them, they. wilk 
excite the idea of a ftrong lively white. But if: - 
the paper be placed farther from the glafs, as at 
rs, the different colours will appear again upon — 


it; in-an inverted order, occafioned by the rays — 


crofling at W. 40 | a: ban. & 
As white is a compofition of all colours, fo . 
black is a privation of them all, and, therefore, 


_ properly no colour. | 


Let two concentric circles be drawn on a 
{mooth round board ABCDEFG, and the 
outermoft of them divided into 360 equal parts 
or degrees: then, draw feven right lines, as © 4, 
© B, &c. from the center to the outermoft circle ; 
making the lines © 4 and © B include 80 de- 
grees of that circle; the lines © B and. @C'4o 
degrees; © C and© D60; ODand O# 603 
© Eand© F48; © FandOG27; 0Gand OA 
45. Then, between thefe two circles, paint the 


_ fpace 4G red, inclining to orange near G; GF 


orange, inclining to yellow near F; FE yellow, 
inclining to green near #; £ D green, inclining: 
to blue near D; DC blue, inclining to indigo 
near C; CB indigo, inclining to violet near B ;. 
and B A violet, inclining to a foft red near 4. 
This done, paint all that part gf the board black 
afte: ieee which 
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which lies within the inner circle; and. putting All the 
an axis through the center of the board, Jet it prifmatic 
be turned. very {wiftly round that axis, fo as thé “ie be 
rays proceeding from the above colours, may be i psihen 
all blended and mixt together in coming to make a 
the eye; and then, the whole coloured part will white. 
._ appear like a white ring, a little greyifh; not 
perfectly white, becaufe no colours prepared by 
art are perfect, | ni ag 

Any of. thefe colours, except red and violet, 
may be made by mixing together the two con- 
tiguous priftnatic colours. Thus, yellow is made 
by mixing together a due proportion of orange 
and green; and green may be made by a mix- 
ture. of yellow and blue. ff eae ais 
_. All bodies appear of that colour, whofe rays 
they reflect moft ; as a body appears red when 
it refleéts, moft of the red-making rays, and ab- 
forbs the reft. | : Was AR ee , 
_, Any.two or more colours that are quite tran{- Tranf{pa- 
parent.by themfelves, become opake when put eel 
together, ‘hus, if water or fpirits of wine be 
Ainged red, and put in a phial, every object feen opake if 
through it will appear red; becaufe it: lets only put to- 

the red. rays pafs through it, and ftops all. the thers 
reft. If water or {pirits ie tinged blue, and put — 
in aphial, allobjects feen through it will appear 
blue, becaufe it tranfmits only the blue rays, and 
ftops all the reft.. But if théfe two phials are 
held clofe together, fo as both of them may be 
between the eye and objeét, the object will no 
‘more be feen through them than through a plate 
of metal; for whatever rays are tran{mitted 
throvgh the fluid in the phial néxt the object, - 
are flopped by that in the phial next the eye. 
dn this experiment, the phials ought not to be 
found, but fquare; becaufe nothing but the 
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‘The exterior bow is’ formed “by rays which — 


the interior, and alfo. of its OE are \ 
i or, & 


Jiné cd, in which direétion it is impoffible for it” 


to enter the eye at f:. but by being ‘again re- 
bee fetid + flecte 
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flected from the point d of the drop, it goes on in 
the drop to e, where it pafies out of the drop into 
the air, and is there refracted downward to the 
eye, in. the direction. efo. ; 


LP RVC PVT AN WE SCOT 


The deftription and ufe of the globes, and armil- 
* war er lary {pbere. aie 


| TF a map of the world be accurately delineated The ser- 
on aipherical ball, the furface thereof will 7¢/r7a/ 
reprefent.the furface of the earth: for the highetft glove. 
hills are fo inconfiderable with refpeét to the bulk 
of the earth, that they take of no more from its 
roundnefs, than grains of fand do from the 
roundnefs of a common globe; for the diameter 
of the.earth is 8000 miles in round numbers, 
and no known hill upon it is three miles in per- 
 pendicular height. my ! J 
_ That the earth is {pherical, or round like a Proof of 
aa appears, 1. From its cafting a round aa %, , 
dow upon the moon, whatever fide be turned slobalix, 


towards her when fhe is eclipfed, 2. From its 

having been failed round by feveral perfons. 

3. From our feeing the farther, the higher we 

ftand. 4. From our feeing the mats of a fhip, 

whilft the hull is hid by the convexity of the 

water. ake 9 : _ And that 
_ The attractive power of the earth draws all it may be 
terreftrial bodies towards its center; as is evi- peopled 
dent from the defcent of bodies in lines per- Bowe © 
- pendicular to the earth’s furface, at the places any one’s 
whereon they fall; even when they are thrown being in 
off from the earth on oppofite fides, and con- danger of 


ak = a: - na falling a- 
_ fequently, in oppofite sp aRaIORS So that Re way from 
‘ arth ic, 
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earth may be compared to a great magnet rolled 
in filings of fteel, which attracts and keeps them 
equally faft to its furface on all fides; Hence, — 
as all terreftrial bodies are attracted toward the 
earth’s center, they can be in no danger of fall-. 
ing from any fide of the earth, more than from 
any other. | 

Upand © Fhe heaven or fky furrounds the whole earth ; 

down, and when we fpeak of up or down, we mean 

what. only with regard to ourfelves; for no point, 
either in the heaven, or on the furface of the 
earth, is above or below, but only with refpect 
to ourfelves. And let us be upon what part of 
the earth we will, we f{tand with our feet to- 
wards its center, and our heads toward the fky: 
and fo we fay, it is p toward the fky, and down 

! toward the center of the earth. fc 

Allob- | To an obferver placed any where in the in- 

jefsin ‘definite fpace, where there is nothing to limit 

ag his view, all remote objects appear equally 

iene diftant from him; and feem to be placed in a 

qually vat concave fphere, of which his eye is the 

diftant. center. Every aftronomer can demonftrate, — 
that the moon is much nearer to us than the fun 
is; that fome of the planets are fometimes 
nearer to us, and fometimes farther from us, — 
than the fun; that others of them never come fo 
near us as the fun always is; that the remoteft — 
planet in our fyftem, is beyond comparifon 
nearer to us than any of the fixed ftars are; and 
that it is highly probable fome ftars are, in a 
manner, infinitely more diftant from us than — 
others. And yet all thefe celettial objects ap-_ 

The face pear equally diftant from us. Therefore, if we — 

-ofthe imagine a large hollow fphere of glafs to have — 

heaven gs many bright ftuds fixed to its infide, as — 

and earth there are ftars vifible in the heaven, and ni “" 
ON oi" ee 
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ftuds to be of different magnitudes, and placed reprefent- 
at the fame angular diftances from each othered in a 
as the ftars are; the fphere will be a true re- machine. 
prefentation of the ftarry heaven, to an eye fup- 
pofed to be in its center, and viewing it all 
around, And if a {mall globe, with a map of - 
the earth upon it, be placed on an axis in the 
center of this ftarry {phere, and the {phere be 
made to turn round on this axis, it will repre- 
fent the apparent motion of the heavens round 
the earth. . 

If a great circle be fo drawn upon this fphere, 
as to divide it into two equal parts, or hemi- 
fpheres, and the plane of the circle be perpen- 
dicular to the axis of the fphere, this circle will 
reprefent the equinoétial, which divides the hea- The egui- 
ven into two equal parts, called the northern and xocial, 
the fouthern bemi/pberes; and every point of that 
circle will be equally diftant from the poles, Or-The poles. 
ends of the axis in the fphere. That pole which 
is in the middle of the northern hemifphere, 
will be called the north pole of the {phere, and 
_ that which is in the middle of the fouthern hemi- 
{phere, the fouth pole. : 

If another great circle be drawn upon the 
{phere, in fuch a manner as to cut the equinoc- 
tial at an angle of 232 degrees in two oppofite 
points, it will reprefent the ecliptic, or circle of The eclipe 
the fun’s apparent annual motion: one half oftic. | 
which is on the north fide of the equinoctial, 
and the other half on the fouth. | 
If a large ftud be made to move eaftward in 
this ecliptic, in fuch a manner as to go quite 
round it, in the time that the fphere is turned 
round weftward 366 times upon its axis; this 
ftud will reprefent the /uz, changing his place The fan, 
every day a 365th part of the ecliptic, and 

R 4 gone 


- 250 


Theearth. 
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going round weftward, the fame way as ‘thé 


{tars do; but with a motion fo much flower-than; 
the motion of the ftars, that they will make 366, 
revolutions about the axis of the {phere,. in the 
time that the fun makes only 365. During one 
half.of thefe revolutions, the fun will be onthe: 
north fide of the equinoétial; during the,-other: 


half, on the fouth; and at the end of each: —_ : 
in the equinoctial. | 


If we fuppofe the terreftrial lobes in bis ma- 
chine to be about one inch in diameter, and. the 
diameter of the ftarry fphere to be about five 
or fix feet, a {mall infect on the, globe would: fee 
only a very little portion of its-furface ; butiit 
would fee one half of the farry fphere; the con- 
vexity of the globe hiding the other halffrom its 


ea ortne clobe, and the infect could judge of the ap- 
che hea. pearances which arife from that motion, it would, 
fee fome ftars rifing to its view in the eaftern 


yens. 


e 


fide of the fphere, whilft others were fetting on 


the weftern: but as all the -ftars are fixed-to the 


{phere, the fame ftars would always rife in the 


{ame points of view on the eaft fide, and fetin 
the fame points of view on the weft fide. With 
the fun it would be otherwife, becavfe the fun 
is not fixed to any point of the fphere, but — 


moves flowly along an oblique circle in it.. And 
if the infeét thould look towards the fouth, and 


call that point of the globe, where the equie — 


no¢tial in the fphere feems to cut it on the left 


fide, the caf point; and where it cuts the globe. — 
on the right fide, the wef point; the little ani- | 


mal would fee the fun rife north of the eaft, and 


det north of the weft, for 1822 revolutions; 


after. which, for as many more, the fun would 
rife fone of the eaft, and fet fouth of vi 
we 
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welt, cAnd in the'whole 365 revolutions, the 
fun would rife onlystwice in the eaft point, and 
fet twice, in the: weft. (All thefe appearances 
. would..be: the fame, if the ftarry fphere ftood 
ftill (the fun only moving in the ecliptic) and 
the earthly globe were turned round the axis of . 
the {phere eaftward. For, as the infect would 
_ be: carried round with the globe, he would be 
quite infenfible of its motion; and the fun and 
{tars would appear to move weftward. 

_ We are but very {mall beings when compared 
with our earthly globe, and: the globe it/elf is but 
a dimenfionlefs point compared with the mag- 
nitude of the ftarry heavens. Whether the 
earth be at reft,.and the heaven turns round it, 
or the heaven be. at reft,.and the earth turns 
round, the appearance to.us will be exactly the 
fame. And becawufe the heaven is fo immenfely 
large; in comparifon of the earth, we fee one 
half of the heaven as well from the earth’s fur- 
face, as we could do from its center, if the - 
limits of our view are not intercepted by 
hills. , : | 
_. We miay imagine as many circles defcribed Circles of 
upon the earth as we pleafe; and we may ‘e/plere. 
imagine the plane of any circle defcribed upon 
_ the earth to be continued, until it marks a circle 
in the-concave fphere of the heavens. 
The horizon is either fenfible or rational. The The bori- 

_fenfible horizon is that-circle, which a man ftand- xox. 
_ ing upon a large plane, obferves to terminate 
his view all around, where the heaven and earth 
feem to meet. The plane of our fenfible hor1- 
- 20n continued to the heaven, divides it into two — 

hemifpheres ; one vifible to us, the other hid by 
the convexity of the earth. 


ris i 


The 


252 


Peles. 


Equator. 


_Of the Heavens and the Earth. 


- The plane of the rational horizon, is fuppofed 
parallel to the plane of the fenfible,; to pafs 
through the center of the earth, and to be 
continued to the heavens. And. although the 
plane of the fenfible horizon touches the earth 
in the place of the obferver, yet this plane, 
and ¢bat of the rational horizon, will feem to 
coincide in the heaven, becaufe the whole earth 


is but a point compared to the {phere of the 


heaven. 

The earth being a {pherical body, the hori- 
zon, or limit of our view, muft change as We 

change our place. 

The poles of the earth, are thofe two points on. — 
its furface in which its axis terminates. The 
one is called the north pole, and the other the 
fouth pele. 
| The poles of the beaven, are thofe two points 
in which the earth’s axis produced terminates in 
the heaven: fo that the zorth pole of the heaven 
is directly over thé north pole of the earth; and 
the fouth pole of the heaven is directly over the 
fouth pole of the earth. 

The equator is a great circle upon the eivih, 
every part of which is equally diftant from , 
either of the poles. It divides the earth into 
two equal parts, called the zortbern and fouthern 
bemifpberes.. If we fuppofe the plane of this 
circle to be extended to the heaven, it will 


.. mark the eguinoéfial therein, and will divide the 


Meridian. 


heaven into two equal parts, called the sorthern 
and foutber hemifpheres of the heaven. 

The meridian of any place is a great circle | 
paffing through that place and the poles of the 
earth, We may imagine as many fuch meri- 
dians as we. plealss becaufe any place that is 

ever 
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ever fo little to the eaft or weft of any other 
place, has a different meridian from that place ; 
for no one circle can pafs through any two fuch 
places and the poles of the earth. 

The meridian of any place is divided by the 
poles, into two femicircles: that which paffes 
through the place is called the geographical, or 
upper meridian, and that which paffes through 
the oppofite place, is called the /ower meridian. 


253 


When the rotation of the earth brings the Noor and 
plane of the geographical meridian to the fun, ~#4-aighe. 


it is oon ot mid-day to that place; and when 
our lower meridian comes to the fun, it is mid- 
night. 7 | 

All places lying under the fame geographical 
meridian, have their noon at the fame time, and 
confequently all the other hours. All thofe 
places are faid to have the fame longitude, becaufe 
‘no one of them lies either eaftward or weftward 
from any of the reft. 


lf we imagine 24 femicircles, one of which Hour-cir- 


is the geographical meridian of a given place, 
- to meet at the poles, and to divide the equator 
into 24 equal parts; each of thefe meridians 
will come round to the fun in 24 hours, by the 
earth’s equable motion round its axis in that 
time. Aid, as the equator contains 360 de- 


cles, 


grees, there will be 15 degrees contained be-— 


tween any two of thefe meridians which are 
neareft to one another: for 24 times 15 is 360. 
And as the earth’s motion is eaftward, the {un’s 
apparent motion will be weftward, at the rate 
of 15 degrees each hour. Therefore, 


They whofe geographical meridian is 15 Loavituade. 


“degrees eaftward from us, have noon, and every 
‘other hour, an hour fooner than we have. They 
whofe meridian is fifteen degrees weftward from 

| 3 us, 
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us, have noon, and every other hour, an hout, 


later’ than we»have: and fo on in proportion, 


reckoning one hour for every fifteen degrees. . 
As the earth turns round its axis once in 24 
hours, and fhews itfelf all round to the fan in 
that time; fo it goes round the fun once a year, 
in a great circle called the ecliptic, which crofles 


the. equinogtial in two oppofite points, making. 


an angle of 234 degrees with the equinoctial on 


-each fide. So that one half.of the ecliptic is in 


the northern, hemifphere, and the other in the 


i 


fouthern. It contains 360 equal parts, called , 


degrees (as all other circles.do, whether great 
or fmall) and as. the earth goes once round it 
every year, the fun will appear to do the fame, 
changing his place almoft.a degree, at a mean 
rate, every 24 hours. So that whatever. place, 


or degree of the ecliptic, the earth is in at any 


“Signs and - 


degrees. 


time, “the fun will then appear in the oppolite, —— 


And as one half of the ecliptic. is on the north 
fide of the equinoétial, and the-other half on the 
fouth; the fun, as feen from the earth, will be 
half a year on the fouth fide of the equinogtial, 
and half a year on the porta and twice a peat 
in the equinoctial itfelf. - 

The ecliptic is divided by aftronomers. into 
12 equal: parts, called /igns, each fign into zo 
degrees, and each degree. into 60. minutes: but 
in ufing the globes, ° we feldom want the: fun’s 
place nearer than half a degree of the truth. 

The names and charaéters of the. 12 figns are 
as follow ; beginning at that point of the eclip- 


tic where it croffes the equinoctial to the north- 


ward, and reckoning eaftward. round to the 
fame point again. And the days of the months 
on which the fun now enters the figns, are fet 
down below them. 

aries. 
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\ ‘Aries, Taurus, © Gemini, Cancer, 
Hens) a }iOV ny (aeON Sis ney: 
se) March”) April: =. May:) > June 
pool ggel Nig go Mo GuigAe, AINNaL 

Leo, Virgo, \ Libray « Scorpio, : 
joe) July > SAuguit’ September’: October « 
afi lo ag Mig ° 3 iid onidager 
-( Sagittarius, Capricorn, Aquarius,» Pifeess « 
“November? ‘December January.».February 
finsidgg!s 18 chstheet oft ovaad io yainmBeod 


« £ 
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1 By remembering on what day the fun enters 


any particular fign, we may.eafily find his 


hed place any day cafterward, whilft he-is in that... 


 fien, by reckoning »a degree for: each days 
> which will occafion no error ‘of confequence in 
aiier the plobes/ iw eS Or iit 
9 When the ‘fun is ‘at the beginning: of dries, 
‘he is in the equinoétial; and from that time he 
declines northward ‘every day, until he comes 
to the beginning of Cancer, which»is .2 33 de- 
‘grees from the equinoétial :) from thence he re- 
cedes fouthward every day, for half a year, in 
the middle of which half, he: croffes -the equi- 
 -pottial at the beginning of Libra, ‘and. at «the 
‘end of that half year, he’is at his greateft fouth 
declination, in the beginning of Capricorn, which 
4s alfo 2134 degrees from the equinoctial.. ‘Then, 
he returns northward ‘from Capricorn every days 
for'half-a year ; in the middle of which half, he 
- icroffés the equinoétial at the beginning of Aries, 
and at the end of it he arrives at Cancer. | 
Pia ae . pers bi 
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The fun’s motion in the ecliptic is not pers 
fectly equable, for he continues eight days 
longer’ in the northern half of the ecliptic, than 
in the fouthern :) fo that the fummer half year, 
in the northern hemifphere, is eight days longer 


than the winter half year ; and the contrary in | 


the fouthern hemifphere. 
The tropics are-leffer circles in the heaven, 


parallel to the equinoctial; one’on each fide of 


it, touching the ecliptic in the points of its 
greatelt declination; fo that each tropic is 
232 degrees from -the, equinoctial, one on ‘the 
north fide of it, and the other on the fouth. 
The northern tropic touches. the ecliptic atthe 
beginning of Cancer, the fouthern at the begin- 
ning of Capricorn; for which reafon the former 


is called the ¢ropic of Cancer; and the latter the 


tropic of Capricorn. = 2» 
The ‘polar circles in the wed are bars 
23+ degrees’ from the poles, all around. That 


‘which goes round the north pole, is called the 


artic circle, from &exI@, which fignifies a dear; 
there being a collection or groupe.of ftars near 


‘the north pole, which goes by that name.. -The 
fouth polar circle, is called the antardiic circle, 
from its being oppofite to the arctic. — 


The ecliptic, tropics, and, polar circles, are 


‘drawn upon the terreftrial, globe, .as, well, as 
upon the celeftial. But the ecliptic, being a 


‘great fixed circle in the heavens, cannot pro- 


perly be faid to belong to the terreftrial globes 
and is laid down upon it only for the conveniency 


of folving fome problems, .So that, if this 
circle on the terreftrial globe was properly di-— 


vided into the months and days of the year, jit 


would not only fuit the globe better, but would . 
alfo make the problems thereon much eafier. 


In 


Of the Heavens and ibe Earth. 
Inorder to: form. a true idea of: che earth’s 
' motion round its axis every 24 hours, which is 
the caufe of day and nights and of its motion 
in the ecliptic round the fun every year, which 
is the caufe of the different lengths of days and 
nights, and of ‘the vicifficude of feafons; take 


the following method, which will be both eafy” 


and pleafant. 
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‘ 


Let a. fmall Saietianl globe, of: about three An idea 
inches diameter, be fufpended by a long. thread of the 


of twifted filk, fixt to its north:pole: ‘then hav- 
ing placed a lighted candle ona table, to repre+ 


~ fent the fun; in the center of a hoop of a large 
 cafk, which may reprefent the ecliptic, the hoop — 


making an angle of 233 degrees with the plane 
of the table; hang the globe within the hoop 
near. to it ; and if the table be level, the equa- 
tor of the globe will be parallel to the table, 
‘and the plane of the hoop will cut the equator 


at an angle of 23% degrees; fo that one half of. 


the equator will be above the hoop, and the 
‘other ‘half below it: and the candle will en- 
lighten: one half of the globe, as the fun 
enlightens one half of the earth, «whilft the 
‘other half is in the dark. 

Things being thus prepared, twift the thread 
towards - the left hand, that it “ante turn the 
globe the fame way by untwifting ; that is, from 
weft, by fouth, to eait. As the globe turns 
round its axis or thread, the different places of 
its furface will go regularly through the light 
and dark; .and have, as it were, an_alternate 
_ return of day and night in each rotation. As 
the globe continues to turn round, and to fhew 
itfelfall around co the candle, carry it lowly 
_ round the hoop by the thread, from welt, by 
 fouth, to ealt which is the way that the earth 


MOVES © 


feafons. 
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moves round the fun, :once.ia year,:dni ithe 


ecliptic: and you will fee, that whilft the globe 
continues in the lower part of the hoop, the can- 
dle (being then north of: the equator) willcon+ 


{tantly fhine-round the notth pole; andallthe © 


northernoplaces which’ go: through any part, of 
thedark will go through adefs,portion of it than 


») «0 ther they are’ from the équator: confequently, 


their days are then. longersdhan their) nights. 


“When:the :globe comes; toa:paint in the hoop, 

mid-way between the highefand loweft points, _ 
_ the candle will be dire&tly over the equator, and 
will enlighten the globe juft from»pole ito poles 


and then every, place on ‘the :globe: will: go 
through; equal. portions-of light and’ darknefs, 
as it runs round its axis; and confequently,: the 
day :and! night: will be bf equal length at -all 
places upon it.» As the globe ‘advances thence 
forward, towafds the highéft’ part of ithe: hoop, 
the candle will be on the fouth fide of the equa; 
tor, fhining farther and::farther:roundithe fouth 
pole, as; the globe rifes higher and higherun ithe 


hoop} déaving the north polé:.as muchan darks 


nefs, as the fouth pole is;then in the light,: and 
making long days and:fhort:nights.on the: fouth 
fide of ,the: equator,: and the contrary ons the 


north fide, -whilft the:globe continues\in the — 


northern or higher fide of the:hoop: ‘and when 
it comes to the higheft point; the days will-beat 


-they do of the light; and the more fo,:the fare. 


2 7 
a — 


the longeft, and the.nights at-the fhorteft, intthe — 


- fouthern..hemifphere; -and the reverfe in the 


northern. As the globe advances and defcends — 


in the hoop, the light will gradually recede from 
the fouth pole, and approach towards the: north 


lengthen, and the fouthern days to fhorten in 


er 


i | the 


_ pole, which wili caufe the” northern: days./to | 


Ne 
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the fame proportion. When the globe comes ta 


the middle point, between the higheft and loweft 


_ points of the hoop, the candle will be over the 


equator, enlightening the globe juft from pole 
to pole, when every place of the earth (except 
the poles) will go through equal portions of 


light and darknefs ; and confequently, the day’ 


and night will be then equal, all over the slobe, 


And thus, at a very {mall expence, one may — 
have a delightful and demonttrative view of 


the caufe of days and nights, with their gradual 


‘increafe and decreafe in length, through the 


whole year together, with the viciffitudes of 
fpring, fummer, autumn, and winter, in each 
annual courfe of the earth round the fun. 

If the hoop be divided into 12 equal parts, 
and the figns be marked in order upon it, be- 
ginning with Cancer at the higheft point of the 


hoop, and reckoning eaftward (or contrary to 


the apparent motion of the fun) you will fee 


how the fun appears to change his place every 


day in the ecliptic, as the’ globe advances eaft- 
ward along the hoop, and turns round its own 


axis: and that when the earth is in a low fign, 
as at Capricorn, the fun muft appear in a high . 


fign, as at Cancer, oppofite to the earth’s real 
place: and that whilft the earth is in the 
fouthern half of the ecliptic, the fun appears in 
the northern half, and vice.verfd: that the far- 
ther any place is from the equator, between it 


and the polar circle, the greater is the difference 


between the longeft and fhorteft day at that 
Place, ‘and that the poles have but one‘day and 
one night in the whole year,” ) 


» Thele things premifed, we fhall proceed to 
the defcription and ufe of the terreftrial globe, 
M | 7 and 


Oo 
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The Terrefrial Globe deferibeds 


. and explain the geographical terms as they occu — 


in the problems. . 


S ~ 
= 
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This globe has the boundaries of land and 7 
water laid down upon it, the countries and © 


kingdoms divided by dots, and coloured to — 
diftinguifh them, the iflands properly fituated, — 


the rivers and principal towns inferted, as they 
have been afcertained upon the earth by mea- 


-furement and obfervation. 


The equator, ecliptic, tropics, polar circles; 


and meridians, are laid down upon the globe in — 
the manner already defcribed. ‘The ecliptic is — 


divided into 12 figns, and each fign into 3o 


degrees, which are generally fubdivided into 
halves, and into quarters if the globe is large. — 
Each: tropic is 23% degrees from the equator, 
and each polar circle 23% degrees from its 


refpeclive pole. Circles are drawn parallel to : 


the equator, at every ten degrees diftance from* 


it on each fide to the poles: thele circles are 
called parallels of latitude. On large globes 


there are circles drawn perpendicularly through 
every tenth degree of the equator, interfecting 


éach other at the poles: but on globes of or — 


‘under a foot diameter, they are only drawn 
through. every fifteenth degree of the equator ; ~ 


. 


4 


thefe circles are generally called meridians, fome-_ 


times circles of longitude, and at other times bour- — 


circles... | wire : 
The globe is hung in a brafg ring, called the 


brafen meridian; and turns upon a wire in each 
pole funk half its thicknefs into one fide of .the - 


meridian ring; by which means, that fide of 
the ring divides the globe into two equal parts, 
called the eaffern and weftern hemifpheres; as the 


equator divides it into two equal parts, called the © 


northern and fouthern bemifpheres. | This ring is” 
8 divided. 
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divided into 360 equal parts or degrees, on the 
fide wherein the axis of the globe turns. One 
half of thefe degrees are numbered, and reck- 
‘oned, from the equator to the poles, where 
‘they end at 90: their ufe'is to fhew the latitudes 
of places. ‘The degrees on the other half of the 
_-tMeridian ring, aré numbered from the poles 
to the equator, where they end at go: their 
_, ufe is to thew how to elevate either the north or 
fouth pole above the horizon, according to the 
latitude of any given place, as it is north or 
fouth of the equator. 

The brafen meridian is’ let into two voted 
made in a broad flat ring, called the wooder 
horizon, the upper furface of which divides the 

globe into two equal parts, called the upper and 
lower, hemifpheres. One notch is in the north 
point of the horizon, and:the other in the fouth. 
On this horizon are feveral concentric circles, 
_ which contain the months and days of the year, 
the figns and degrees anfweringe to the fin’s 
place for each month and day, and the 32 points 
‘of the compafs.—The graduated fide of the 
brafs meridian lies towards the: eaft fide of the 
‘horizon, and fhould be generally kept: toward 
the perfon who works problems by the globes. 

There is a {mall horary circle, fo Gixed to the 
orth part of the brafen ineridian, that the wire 

‘in the north pole of the globe is in the center 

of that circle; and on the wire’ is an index, 
fwhich goes over all the 24 hours of the circle, 

sas the globe is turned round its axis. Some- 
“times there are two horary circles; one between 

_ each pole of the globe and the brafen meridian; 
which is the contrivance of the late i ingenious Mrs. 
Yofeph Harris, mafter of the affay-ofiice in the 
oh ower of uondon; and makes it very, conve- 
5 2 nient 
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Direfions 1. See that the papers be well and neatly 


for choof- pafted on the alobes, 
the lines and circles thereon meet exactly, and — 


ing of 
globes. 


-yidian. | 


— drant of altitude, which is divided into 90 equal 
parts or degrees, anfwering exactly to fo many 
degrees of the equator. It is occafionally fixed — 
to the uppermoft point of the brafen meridian — 


The Tervefirial Globe deferibed. 
nient for putting the poles of the globe through 


the horizon, and for elevating the pole to {mall — 


latitudes and declinations of the fun; which can- . 
not be done where there is only one horary cir- 
cle fixed to the outer edge of the brafen me- 


There is a thin flip of brafs, called the qua- 


by a nut and fcrew. Lhe divifions end at the 

nut, and the quadrant is turned round upon it. 
As the globe has been feen by, moft people, — 

and upon the figure of which, in a plate, nei- 


ther the circles nor countries can be properly — 
expreffed, we. judge it would fignify very little _ 


to refer to a figure of it; and fhall therefore 


only give fome directions how to choofe a globe, 


and then defcribe its ufe. 


continue all the way even and whole; the cir=— 


cles not breaking into feveral arches, nor the © 
papers either coming fhort, or lapping over one © 


another. ) 


2. See that the colours be tranf{parent, _ 


not laid too thick upon the globe to hide the 


names of places. ‘goto 3 
3. See that the globe hang evenly between 
the brafen meridian and the wooden horizons. 


not inclining either to one fide or to the 
other. : 


which you may know, if 


| a 
4. See that the globe be as clofe to the hori- j 


eee 


a 


q 


i 
F 
or 


ey 
‘4 


zon and meridian as it conveniently may; other- — 
wife, you will be too much puzzled to find — 
i ht againit — 


f 
= 


a 
‘ Py, 
i 
ss 
‘ ih 
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againft what part of the globe any degree of the 
meridian or horizon is, 
5. See that the equinoctial line be even with 
the horizon all around, when the north or fouth 
_pole is elevated go degrees above the horizon. 
6. See that the equinoétial line cuts the hori-. 
zon in the eaft and weit points, in all elevations 
of the pole from o to go degrees. 
7. See that the degree of the brafen meridian 
marked with o, be exactly. over the equino¢tial 
line of the globe. | 
8. See that there be exactly half of the brafen 
meridian above the horizon; which you may 
know, if you bring any of the decimal divifions 
on the meridian: to the north point of the hori- 
_ zon, and find their complement to go in the 
-fouth point. | : 
g» See that when the quadrant of altitude is 
placed as far from the equator, on the brafen 
meridian, as the pole is elevated above the hori- : 
zon, the beginning of the degrees of the qua- 
- drant reaches juft to the plane furface of the 
horizon, + ee, 
10. See that whilft the index of the hour- 
eircle (by the motion of the globe) paffes from 
one hour to another, 15 degrees of the equator 
pals under the graduated edge of the brafen 
meridian. | rt 
11. See that the wooden horizon be made 
fubftantial and ftrong: it being generally ob- 
“ferved, that in moft globes, the horizon is the 
firft part that fails, on account of its having 
been made too flight. ; 
_ In ufing the globes, keep the eaft fide of the Diredtions 
horizon towards you (unlefs your. problem re- for ufing 
quires the turning of it) which fide you may ‘*™ 
_ know by the word Eaft upon the horizon; for 
| Mt a3 2: then 


f 


“yaa 


‘out hurting the ball, will keep it from turning 


' 
\ 


The Ule of the Terrestrial Globe. 
then you have the graduated fide of the meri- 
dian towards you, the quadrant of altitude before _ 
you, and the globe divided exaétly into two 
equal parts, by the graduated fide of the me- 


“In working fome problems, it will be necef- 
fary to turn the whole globe and horizon about, 
that you may look om the’ weft fide thereof s 


| 
‘ 
j 
: 


which turning will be apt’to. jog the ball fo, as 


to thift away that degree of the: globe which 
was before fet to the horizon ‘or ‘meridian ; 
to avoid which inconvenience, you may thruft — 
in the feather-end of a quill between the ball of — 
the globe and the brafen meridian ; which, with- — 


in the meridian, .whilft you turn the weft fide of © 
the horizon towards you. Fer as ‘i 8 
PROBLEM I. 


EqenacbPes, latitude and + longitude of any given 4 
rey _ place upon the globe. | 4 


Turn the globe on its axis, until the given { 
place comes exactly under that graduated fide of - 
the brafen meridian, on which the degrees are 
ee ono, fatgubste. ‘ad: aumbergam 


_* The latitude of a place is its diftance from the equator, 
and is north or fouth, as the place is. north or fouth of the 
equator. .Thofe who live at the equator have no latitade, — 
beéaufe it is there that the latitude begins. | yen 
» + he longitude of a plage is. the number of degrees — 
(reckoned upon the equator) that the meridian of the faid — 
place is diftant from the meridian. of any other place — 
from which we reckon, either eaftward or wettward, for180 
degrees, or half round the globe.;’ The Englith reckon thé — 
longitude from the meridian. of London, and the French — 
now reckon it from the meridian of Paris. The meridian 
of that place, from which the longitude is ash 2 
Lees | Era 8 , ois B. . Aihe © igen a ed 
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 mumbered from the equator; and obferve what 


degree of the meridian the place then lies under ; 


which is its latitude, north or fouth, as the place . 


is north or fouth of the equator. — 

The globe remaining in this pofition, the 
degree’ of the equator, which is under the 
brafen meridian, is the longitude of the place 
(from the meridian. of London on. the Englifb 
globes) which is eaft or weft, as the place lies 


on the eaft or weft fide of the firft meridian of 
the globe. —All the Atlantic Ocean, and America, 


is on the welt fide of the meridian of Loudon; 
and the greateft part of Europe, atidiof Africa, 
together with all a, is on the eaft fide of the 
meridian of London, which is reckoned the jr/t 
meridian of the globe PY the Hing if 0h gt 
and aftronomers, 


oy pear annie 


I. be longitude and latitude of a place bins given, to 


Jind that place on the ae 


_ Look for the given longitude in the equator 


{counting it eaftward or ‘weltward from the oe 
“meridian, as it is mentioned to be eaft or wel bay 
and bring the point of longitude in the equator 
to the Brafen meridian, on that fide which is 


above the fouth point of the horizon: then 
count from the equator, on the brafen meridian, 
to the degree of the given latitude, towards the 
north or fouth pole,’ according as the latitude is 

north or fouth; and under that degree of lati- 
tude on the meridian, you will have the place 
required, 


called the Yr meridian. The places upon this meridian 
have no longitude, becaufe it is there that the longicude 


begins. 
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To find the difference of longitude, or difference of 


latitude, between any two given places. 


_ Bring each of thefe places to the brafen me- 
ridian, and fee what its latitude is: the leffer 


latitude fubtracted from the greater, if both 
places are on the fame fide.of the equator, or 
- both Jatitudes added together, if they are on 


different fides of it, is the difference of latitude 


required. And the number of degrees contained — 


between thefe places, reckoned on the equator, 
when they. aré brought feparately under the 
brafen meridian, is their difference of longitude ; 
if it be lefs than 180: but if more, let it be fub- 
tracted from 360, and the remainder is the dif- 
ference of Jongitude required. Or, © 

Having brought one of the places to. the 
brafen. meridian, and fet the hour-index to XII, 


. turn the’globe until the other place comes to the 


brafen meridian, and the number of hours and 


parts of an hour, paft over by the index, will — 


give the longitude in time; which may be eafily 
reduced to degrees, by allowing 15 degrees for 
every hour, and one degree for every four mi- 
nutes. ~ 


N. B. When we {peak of bringing any place — 
to the brafen meridian, it is the graduated fide of — 


the meridian that is meant. 
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PROBLEM IV. 
sg place being given, to find all thofe places that 
have the fame lougitude or latitude with it. 


Bring the given place to the brafen meridian, 
then all thofe ’ places which lie under that fide of . 
the meridian, from pole to pole, have the fame 
longitude with the given place. Turn-the globe 
round its axis, and all thofe places which pafs 
under the fame degree of the meridian that the 
given BESS does, have the fame latitude with 
_ that place. 

Since all latitudes are reckoned from the 
equator, and all longitudes are reckoned from 
the firft meridian, it is evident, that the point of 
the equator which is cut by the firft meridian, has 


neither latitude nor longitude.x—The greateft. 


latitude is go degrees, becaufe no place is more 
than go degrees from the equator, And the 
greateft longitude is 180 degrees, becaufe no 
_ place is more than 180 degrees from the firft 
meridian, 


PROBLEM VV. 


Jo find the * antceci, + periceci, and t{ antipodes, 
: of any given place. 


Bring the giyen place to the brafen meridian, 
and having found its latitude, keep the globe in 
that ficuation, and count the fame number of 
degrees 

* The azteci are thofe people who live on the fame me- 


ridian, and in equal latitudes, on different fides of the equa- 
tor. Being on the fame meridian, they have the fame hours; 


that is, when it is noon to the one, it is alfo noon to the - 


other; and when it is mid-night to he one, it is alfo mid- 
; night to the other, &c, Being on different a of the equa- 
tor, 
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degrees of latitude from the equator towards the — 


contrary pole, and where the reckoning ends, 
you have the avtwci of the given place upon the 


globe. ‘Thole who live at the equator have no 


antect. — 


“The globe remaining in the fame pofition, fet 4 
' the hour-index to the upper XII on the horary — 


circle, and turn the globe until the index comes 
to the lower XII; then, the place ‘which lies 
under the meridian, in the fame latitude with 


_ the given place, is the periwct required.  Thofe 


who live at the poles have no periect. : 
As the globe now ftands (with the index at 
the lower XII) the antipedes of the given’ place 


will be under the fame point of the brafen mé- 


ridian where its‘ anteci ftood before. Every 
place upon the globe has its antipodes. 
tor, they have different or oppofitefeafons at the fame time ; 
the length of any day to the one is equal to the length of the 
night of that day to the other; and they have equal eleva- 
tions of the different poles. Mod a . | 
+. The periac? are thofe people who live on the fame pa- 
rallel of latitude, but on oppofite meridians: fo that though 


their latitude be the fame, their longitude differs 180 de---§ 


grees. By being in the fame latitude, they have equal ele- 


vations of the fame pole (for the elevation of the pole is — 
always equal to.the latitude of the place) the fame lengthof 
days or nights, and the fame feafons. But being on oppo- — 
fite meridians, when‘it is noon to the one, it is mid-night — 


to the other. ‘ 


t The axtépodes are thofe who live diametrically oppo- | 


fite to one another upon the globe, ftanding with feet 


towards feet, on oppotite meridians and parallels, Beingon — 


oppofite fides of the equator, they have oppofite feafons, 
winter to one, when it is fummer to the other; being equally 


diftant from the equator, they have the contrary poles equally 


elevated above the horizon; being on oppotite meridians, 


and as the fun recedes from the one when he approaches to 
the other, the length of the day to one muft be equal'ta the 
der Ohya nen ck Sie Amn CANS tO nO Ne aa 
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- when it 1s noon to the one, it muft bemid-night to the other; 
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PROBLEM VI, 


To find the diftance between any two places on the 
. Sue 1) ee le 


_ Lay the graduated edge of the quadrant of 

altitude over both the places, and count the 
number of degrees intercepted between them on 
the quadrant; then multiply thefe degrees by 
60, and the produc will give the diftance in 


geographical miles: but to find the diftance in. 
Englith miles, multiply the degreés by 692, and 


the produét will be the number of miles required. 
Or, take the diftance betwixt any two places 
with a pair of compafies, and apply that extent 


to the equator; the number of degrees, inter-. 


cepted between the points of the compafles, is 
the diftance in degrees of a great circle * ; which 


_ may be reduced either to geographical miles, or 


. to Englifh miles, as above. 


, * Any circle that divides the globe into,two equal parts, Great 
4s called a great circle, as the equator or meridian. Any circles- 


circle that diyides the globe into two unequal parts (which 


every parallel of latitude does) is called a lefer circle. Now, Lefer 


as everycircle, whether creat or fmall, contains 360 degrees, circle, 


and a degree upon the equator or meridian contains 60 geo- 
graphical miles, it is evident, that a degree of longitude upon 
the equator, is longer than a degree of longitude upon any 
parallel of latitude, and muf therefore contain a greater 
number of miles. So that, although all the degrees of lati- 
tude are equally long upon an artificial globe (though not 
_ precifely fo upon the earth itfelf) yet the degrees of longi- 
tude décreafe in length, as the latitude increafes, but not in 
the fame proportion, The following table fhews the 
length of a degree of longitude, in geographical miles, and 
hundredth parts of a mile, for every degree of latitude, 
_ from the equator to the poles: a degree on the equator 

being 60 geographical miles, de iy See 
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A place on the globe being given, and its diftance 
_ from any other place, to find all the other places 


upon the globe which are at the fame diftance from 
the given place. | re 


Bring the given place to the brafen meridian, - 
and fcrew the quadrant of altitude to the meri- 


dian, directly over that place; then keeping the 
elobe in that pofition, turn the quadrant quite 
round upon it, and the degree of the quadrant 
that touches the fecond place, will pafs over all 
the other places which are equally diftant with it 
from the given place. 


This is the fame as if one foot of a pair of © 
-compaffes was fet in the given place, and the ~ 
other foot extended to the fecond place, whofe _ 
diftance is known; for if the compaffes be then — 


turned round the firft place as a center, the 
moving foot will go over all thofe places which 
are at the fame diftance with the fecond trom 


A cits 
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A TAB LE foewing the number of miles in a 2 de. 
ba eee of longitude, in any given degree of latitude, 


‘nya 
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PROBLEM VIIL. 


T. be hour of the day at any place being given, to find 
all thofe places where it is noon at that time. — 


Bring the given place to the brafen meridian, — 
-and fet the index to the given hour; this done, 


turn the globe until the index points to the upper 


- XII, and then, all the places that lie under the 


brafen meridian have noon at that time. 


. N.B. The upper XII always ftands for noon; , 
and when the bringing of any place to the brafen 


meridian is mentioned, the fide of that meridian 
on which the degrees are reckoned from the 


equator is meant, unlefs the contrary fide be — 
mentioned. a a 


PROBLEM Ix. 


The hour of the day at any place being given, to find \ 


what o’clock it thén is at any other place. 


Bring the given place to the brafen meridian; © 


and fet the index to the given hour; then turn 


the globe, until the place where the hour is re< 
quired comes to the meridian, and the index wilk — 


point out the hour at that place. 


PROBLEM X, 


To find the fun's place in the ecliptic, and bis* de 


clination, for any given day of the year. , 


Look on the horizon for the given day; and i 


tight againft it you have the degree of the ign 
in.which the fun is (or his place) on that day — 


* The fun’s declination in his diftance from the equinoctial — 
in degrees, and is north or fouth, as the fun is between the. = 
pe 


equinoétial and the north or fouth pole. 


at 
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4 noon. Find the fame degree of that fign in 


the ecliptic line upon the globe, and having — 


brought it to the brafen meridian, obferve what 
degree of the meridian ftands over it; for that 
is the» fun’s .declination, reckoned from the 
equator. | ! 


PROBLEM XL 


The day of the month being given, to find all thofe 
places of the earth over which the fun will pas 
vertically on that day. : 


Find the fun’s place in the ecliptic for the 
given day, and having brought it to the brafen 
meridian, obferve what point of the meridian is 
_ Over it; then turning the globe round its axis, 
all thofe places which pafs under that point of 
the meridian, are the places required: for, as 
their latitude is equal, in degrees and parts of a 


_ degree, to the fun’s declination, the fun muft be 
g 


" directly over head to each of them at its refpec- 
_ tive noon. 3 is 


PROBLEM XIt. 


A place being given in the* torrid zone, to find thofe 
two days of the year, on which the fun fhall be 
vertical to that place. 


Bring the given place to the brafen meridian, 


and mark the degree of latitude that is exaétly 


Over” 


* * The globe is divided into five zones: one torrid, two 
temperate, and two frigid. The torrid zonelies between the two 
tropics, and is 47 degrees in breadth, or 23%.on each fide of 
the equator : the temperate zones lie between the tropics and 

_ polar circles, or from 234 degrees of latitude, to 663, on 
ie) eac 
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over it on the meridian; then turn the globe 


round its axis, and obferve the two degrees of | 
the ecliptic which pafs exactly under that degree — 


of latitude: laftly, find on the wooden horizon; 


‘ 
ih te Sa 


the two days of the year on which the fun is in © 


thofe degrees of the ecliptic, and they are the 
days required: for on them, and none elfe, the 


fun’s declination is equal to the latitude of the — 


given place: and coniequently, he will then be 
vertical to it at noon. fa 


PROBLEM XIIL 


Zo find all thofe places of the north frigid zone, 
where the fun begins to fbine conftantly without — 


fetting, on any given day, from the 21ft of March 
to the 23d of September. . 


On thefe two days, the fun is in the equinoc- 
tial, and enlightens the globe exactly from pole 
to pole: therefore, as the earth turns round its 


axis, which terminates in the poles, every place — 


upon it will go equally through the light and the © 


dark, and fo. make the day and night equal to all — 
places of the earth. But as the fun declines — 
from the equator, towards either pole, he will — 


fhine juft as many degrees round that pole, as 


are equal to his declination from the equator; — 


fo that no place within that diftance of the pole ~ 


“will then go through any part of the dark, and 


confequently the fun will not fet to it. Now, as 


each fide of the equator; and are each 43 degrees in breadth: , 


the frigid xones are the the {paces included within the polar 


circles, which being each 234 degrees from their refpective 


poles, the breagth of each of thefe zones is 47 degrees. As 
the fun never goes without the tropics, he muft every mo-— 
ment be vertical to fome place or other in the torridzone. — 


3 the — 
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the fun’s declination is northward, from the 21ft 
of March to the 23d of September, he muft-con- 


ftantly fhine round the north pole all that time; _ 


and on the day that he is in the northern tropic, 
he fhines upon the whole north frigid zone; fo 


that no place within the north polar circle goes. 


through any part of the dark on that day. 
Therefore, yee 

_ Having brought the fun’s place for the given 
day to the brafen meridian, and found his de- 
clination (by Prob. IX.) count as many degrees 
on the meridian, from the north pole, as are 
equal to the fun’s declination from the equator, 
and mark that degree from the pole where the 
_ reckoning ends: then, turning the globe round 
its axis, obferve what places in the north frigid 
zone pais directly under that mark; for they 
_ are the places required. | | 
_. The like may be done for the fouth frigid 
zone, from the 23d of September to the 21ft of 


March, during which time the fun fhines con- _ 


flantly on the jouth pole. 


PROBLEM XIV. 


To find the place over which the fun is vertical, at 
; any bour of a given day. 


Having found the fun’s declination for the 
given day (by Prob.. IX.) mark it with a chalk 
on the brafen meridian: then bring the place 
where you are (fuppofe London) to the brafen 
meridian, and fet the index to the given hour; 
which done turn the globe on its axis, until the 
index points to XII at noon; and the place on 


the globe, which is then direétly under the Reine 
Mic. T “ace 
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of the fun’s declination marked upon the meri- 


dian, has the fun that moment in the zenith, or 


directly overhead, 


“PROBLEM XY. 


The day and bour at any place being given, to find all 


thofe places where the fun is then rifing, or jetting, — 
or on the meridian: confequently, all thofe places — 


i 


are in the dark. 


This problem cannot be folved by any globe 
fitted up in the common way, with the hour 
circle fixed upon the brafs meridian ; unlefs the 
fun be on or near fome of the tropics on the 
given day. But by a globe fitted up according 
to Mr. Fofeph Harris's invention (already men- 


which are enlightened at that time, and thofe whi cb 
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tioned) where the hour-circle lies on the furface — 
of the globe, below the meridian, it may be folved — 
for any day in the year, according to his me- — 


thod; which is as follows. 


Having found the place to which the fun is 
vertical at the given hour, if the place be in the — 


northern hemifphere, elevate the north pole as 


an 


many degrees above the horizon, as are equal to — 
the latitude of that place; if the place be in the — 
fouthern hemifphere, elevate the fouth pole ac-— 


cordingly ;. and bring the faid place to the brafen 


meridian. ‘Then,’all 'thofe places which are in” 
the weftern femicircle: of ‘the horizon, have the — 
fun rifing to them/at that time; and thofe in the - 
eaftern femicircle have it fétting: to thofe under 
the upper femicircle of the brafs meridian, it ts 


noon ; and to thofe’ under the lower femicircle, 


it is mid-night. ‘All ‘thofe places which are 


above the horizon, are enlightened by the fun,’ 
. , | - and 


ye 
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and shave the fun juft’ as many degrees high to ~ 
- them, as they chemfelves are above the horizon: 
and this height may be known, by fixing the 
quadrant of altitude on the brafen meridian over 
the place to which the fun is vertical; and then, 
Jaying it over any other place, obferve whet’ 
_ number of degrees on the quadrant are inter- 
cepted between the faid place and the horizon. 
In-all thofe places that are 18 degrees below the 
‘weftern femicircle of the horizon, the morning 
twilight is juft beginning ; in all thofe places that 
are 18 degrees below the eaftern femicircle of 
the horizon, the evening twilight is ending; and 
all thofe places that are lower than 18 degrees, 
_ have dark night. 3 
If any place be brought to the upper femi- 
circle of the brafen meridian, and the hour index 
be fet to the upper XII or noon, and then the © 
globe be turned round eaftward on its axis; 
when the place comes to the weftern femicircle 
of the horizon, the index will fhew the time of 
fun-rifing at that place; and when the fame 
place comes to the eaftern femicircle of the hori- 
zon, the index will fhew. the time of fun-fet. 
“To thofe places which do not go under the 
horizon, the fun fets not on that day; and to 
thofe which do not come above it, the fun does 
“not rife. | 


PROBLEM XVI. 


The day and hour of a lunar eclipfe being given; to 
find all thofe places of the earth to which it will 
: be vifible. : 


vt ‘The moon is never eclipfed but when fhe.is. 
full, and fo direGtly oppofite to the fun, that the 
n: Tt 2 


earth’s 


Rs 


ever place of the earth the fun is vertical to at 
‘vifible to one half of the earth, and the moon to 


the given hour (by Prob. XIV.) elevate the pole — 


‘yifible to all thofe parts of the globe which are ~ 


“north pole above the north point of the horizon, — 


a 
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éarth’s thadow falls upon her. Therefore, whats 


that time, the moon mutt be vertical to the anti- Yi 
podes of that place: fo that the fun will be then ‘t 


the other. Ait 
Find the place to which the fun is vertical at — 


to the latitude of that place, and bring the place ~ 


the former problem: then, as the fun will be 


to the upper part of the brafen meridian, as in 


above the horizon, the moon will be vifible to all 
thofe parts of the globe which are below it, (at 
the time of her greateft obfcuration. a b 

But with regard to an eclipfe of the fun, there a 
4s no fuch thing as fhewing to what places it ~ 
will be viible, with any degree of certainty, by p 
a common globe; becaufe the moon’s fhadow i 
covers but a {mall portion of the earth’s furfaces” 
and her latitude, or declination from:the eclip- — 
tic, throws ber fhadow fo, varioufly upon the — 
-earth, that to determine the places on which it~ 
falls, recourfe muft be had to long calculations. i 


PROBLEM XVIL 


To rettify the globe | for the latitude, the * senithae 
and the fun’s place. , 


Find the latitude of the place (by Prob. 1.) andi +f 
‘the place be in the northern hemifphere, raife the 

* "The zenith, in this fenfe, is the higheft point of the bra- 
fen meridian above the horizon; but in the proper fenfe, 
it is that point of the heaven which’ is direétly vertical to 
any given place, at any given infant of times tine’ Ou 
9 , as 
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as many degrees (counted from the pole upon 
the brafen meridian) as are equal to the latitude 
of the place. If the place be in the fouthern 
hemifphere, raife the fouth pole above the fouth 
point of the horizon, as many degrees as are equal 
to the latitude. Then, turn the globe till the 


place comes under its latitude on the brafen 


meridian, and faften the quadrant of altitude fo, 
that the chamfered edge of its nut (which 1s 
even with the graduated edge) may be joined 


_ to the zenith, or point of latitude. This done, 


bring the fun’s place in the ecliptic for the given 
_day, (found by Prob. X.) to the graduated fide 
of the brafen meridian, and fet the hour-index to 
XII at noon, which is the uppermoft XII on the 
hour-circle; and the globe will be rectified. 
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The latitude of any place is equal to the ele- Remark. 


vation of the neareft pole of the heaven above 
the horizon of that place; and the poles of 
the heaven are directly over the poles of the 
earth, each go degrees from the equinoc- 
tial line. Let us be upon what place of the 
earth we will, if the limits of our view be not 


intercepted by hills, we fhall fee one half of the 


heaven, or go degrees every way round, from 
that point which is over our heads. Therefore, 
if we were upon the equator, the poles of the 
heaven would lie in our horizon, or-limit of our 
‘view: if we go from the equator, towards either 
pole of the earth, we fhall fee the correfponding 
pole of the heaven rifing gradually above our 
horizon, juft as many degrees as we have gone 


from the equator: and if we were at either of , 


the -earth’s poles, the correfponding pole of the 
heaven would be directly over our head. Con- 

fequently, the elevation or height of the pole in 
, ‘Pog . degrees 


‘ 
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degrees above the horizon, is equal to the 
numbet of degrees that the place is from the ~ 
equator,, ergy. 3 


@ 


or Ore Te Aro St Ties een 


The latitude of any’ place, not exceeding * 66% i: 4 
grees, and the day of the month, being given; to — 


quently the lengtp of the day and night. © « 


Having rectified the globe for the latitude; 
and for the fulh’s place on the given day (as div 
rected in. the preceding problem) bring thefun’s — 
place in the ecliptic to the eaftern fide of the ho- 


rizon, and the hour-ittdex will thew the time o 


fun-rifing ; then turn the globe on its axis, until © 
the ftin’s place comes to the weftern fide of the — 
her zon, and the index will fhew the time of fan- — 


fetting. : 


The hour’ of fun-fetting doubled, gives the ‘ 
length of the day; and the hour of fun-rifing — 
_ doubled gives the length of the night. J 


“PROBLEM XIx. 


The latitude of any place, and the day of the month, 
being given, to jind when the morning twilight — 
begins, and the evening twilight ends, at that — 


place. 


This problem is often bimited for, when the 


find the time of fun-rifing and fetting, and confe- 


fun does not go 18 degrees below the horizon, — 
the twilight continues the whole night; and for 


* All places whofe latitude is more than 663 degrees, are 


jn the frigid zones: and to thofe places the fan does not 
fet in fummer, for a certain number of diurnal revolutions, — 


which occafions this limitation of latitude. 


I | feveral 
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feveral nights together in fummer, between 49 
and 66% degrees of latitude: and the nearer 
to 664, the greater is the number of thefe nights, 
But when it does begin and end, the follow- 
ing method will fhew the time for any given 


day. bey: 
Rectify the globe, and bring the fun’s place in: 
the ecliptic to the eaftern fide of the horizon; 
~ then.mark that. point of the ecliptic with a chalk 
which is in the weftern fide of the horizon, it be- 
ing the point oppofite to the fun’s place: this 
done, lay the quadrant of altitude over the faid 
point, and curn the globe eaftward, keeping the 
quadrant at the chalk-mark, until it is juft 18 
degrees high on the quadrant; and the index 
will point out the time when the morning twi- 
light begins: for the fun’s place will then be 18 
_ degrees below the ‘eaftern fide of the horizon. 
To find the time when the evening twilight 
ends, bring the fun’s place to the weftern fide 
of the horizon, and the point oppofite to it, 
_ which was marked with the chalk, will be rifing 
in the eaft: then, bring the quadrant over that 
point, and keeping it thereon, turn the globe 
weftward, until the faid point be 18 degrees 
above the horizon on the quadrant, and the in- 
dex will fhew the time when the evening twi- 
light ends ; the fun’s place being then 18 degrees 
below the weftern fide of the horizon. 
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PROBLEM XX. 


To find on what day of the year the fun begins to 
_ foine conftantly without fetting, on auy given — 
place in the north frigid zone; and how long be 

continues to do fo. 


Rectify the globe to the latitude of the place, 
and turn it about until fome point of the eclip- 
tic, between ries and Cancer, coincides with 
the north point of the horizon where the brafen _ 
meridian cuts it: then find, on the wooden ~ 
horizon, what day of the year the fun is in that — 
point of the ecliptic; for that is the day on ~ 
which the fun begins to fhine conftantly on the ~ 
ziven place, without fetting. This done, turh j 

‘the globe until fome point of the ecliptic, be- 
tween Cancer and Libra, coincides with the ~ 
north point of the horizon, where the brafen — 
meridian cuts it; and find, on the wooden ~ 
horizon, on what day the fun is in that point of 
the ecliptic ;, which is the day that the fun leaves — 
off conftantly fhining on the faid place, and rifes ; 
and fets to it as to other places on the globe. — 
The number of natural days, or complete re- 
volutions of the fun about the earth, between 
the two days above found, is the time that the ; 
fun keeps conftantly above the horizon without _ 
fetting: for all the portion of the ecliptic, thac 
lies between the two points which interfeét the _ 
horizon in the very north, never fets below it: 

_ and there is juft as much of the oppofite part of 
the ecliptic that never rifes; therefore, the fun — 
will keep as long conftantly below the horizon 
in winter, as above itin fummer. 7 
Meg) te ae veut. Whoever 


\ 
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- Whoever confiders the globe, will find, that 
all places of the earth do equally enjoy the bene- 


fit of the fun, in refpect of time, and are equally. 


deprived of it. For, the days and nights are 
always equally long at the equator: and in all 


places that have latitude, the days at one time. 


of the year are exactly equal to the nights at the 
oppolite feafon. 


PROBLEM XxXI. ch 
To find in. what latitude the fun fbines conftanily 


without jetting, for any length of time lefs than 
* 1822 of our days and nights. 


Find a point in the ecliptic half as many de- 


erees from the beginning of Cancer (either to- 


wards Aries or Libra) as there are + natural days 
in the time given; and bring that point to the 
north fide of the brafen meridian, on which the 
degrees are numbered from the pole towards 


the equator: then, keep the globe from turning 


on its axis, and {fide the meridian up or down, 
until the forefaid point of the ecliptic comes 
. to the north point of the horizon, and then, the 
elevation of the pole.will be equal to the latitude 
. required, — earn eet 
* The reafon of this limitation is, that 1822 of our days 
and nights make half a year, which is the longeft time that 


the fun fhines without fetting, even at the poles of the 
ORS RE SSS 


t A natural day contains the whole 24 hours: an arti- 
ficial day, the time that the fan is above the horizon. 


PRO- 


4 
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/ PROBLEM XXIL 


¢ be latitude of a place, not exceeding 66% degrees, 


ana the day of the month being given, to find — 


the Jugs amplitude, or point of the compafs. on 
pwhich he rifes or fets. 


Rectify the globe, and bring the fun’s place 


to the eaftern fide of the horizon; then obferve ; 


what point ef the compafs on the horizon ftands 


right againft the fun’s place, for that, is his 


amplitude at rifing. This done, turn the globe. — 


weftward, until the fun’s place comes to the — 


weltern fide of the horizon,-and it will cut the 
point of his amplitude at fetting. Or, you may 


count the rifing amplitude in degrees, from the 


eaft point of the horizon, to that point where 
the {un’s. place cuts it; and the fetting ampli- 


tude, from the weft point of the horizon, to the 


dun’s place at fetting. 


PROBLEM XXIIlL 


The latitude, the fun’s place, and bis * altitude, — 


being given; to find the bour of the day, and the 


fun’s azimuth, or number of degrees that be is : 


diftant from the meridian. 


Reétify the globe, and bring the fun’s place 


to the given height upon the quadrant of alti- 
tude; on the eaftern fide of the horizon, if the — 
time be in the forenoon; or the weftern fide, if 


* The fun’s altitude, at any time, is his height in degrees ; 


above the horizon at that time. 
e Cs : 


it 
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it be in the afternoon: then, the index will 
fhew the hour; and. the number of degrees in 


the horizon intercepted ‘between the quadrant 
of altitude and the fouth point, will be the fun’s 


true azimuth at that time. | 
N. B. Always when the quadrant of altitude 


- 


‘qs ‘mentionéd in working any problem, thé gra-" 


duated edge of it is meant. Sb 

If this be done at fea, and:compared with the 
fun’s azimuth, as fhewn by the compals; if they 
dgree, the compafs has no variation in that place : 
but if they differ, the compafs does vary; and 


the variation is equal to this difference. 
PROBLEM XXIV. 


The latitude, hour of the day, and the fun’s place, 
being given, to find tbe fun’s altitude and 
. azimuth, | 


 Reétify the globe, and turn it until the in- 
dex points to the given hour; then lay the qua- 
drant of altitude over the fun’s place in the 
‘€cliptic, and the degree of the quadrant cut by 
the fun’s place is his altitude at that time above 
the horizon; and the degree of the horizon cut 
‘by the quadrant is the fun’s azimuth, reckoned 
‘from the fouth. 


r 
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PROBLEM XXvV. 


The latitude, the fun’s altitude, and his azimuth 
being given; to find bis place in the ecliptic, the 


day of the mouth, and hour of the day, though. 


they bad all been loft. 


Reétify the globe for the latitude and * zenith, 
and fet the quadrant of altitude ro the given 
azimuth in the horizon; keeping it there, turn 
the globe on its axis until the ecliptic cuts the 
quadrant in the given altitude: that point of 
the ecliptic which cuts ‘the quadrant there, will 
be the fun’s place; and the day of the month 
an{wering thereto, will be found over the like 
place of the fun on the wooden horizon, Keep 
the quadrant of altitude in that pofition, and 
having brought the fun’s place to the brafen 


meridian, and the hour index to XII at noon, ~ 


turn back the globe, until'the fun’s place cuts 
the quadrant of altitude again, and the index 
will fhew the hour. ; 


Any two points of the ecliptic which are 4 
“equidiftant from the beginning of Cancer or of 


Capricorn, will have the fame altitude and azi- 


4 


muth at the fame hour, though the months be ~ 


different; and therefore it requires fome care in 
this problem, not to miftake both the month, 
and the day of the month; to avoid which, 


obferve, that from the 20th of March to the « 
- a1ft of June, that part of the ecliptic which is — 


‘* By reétifying the globe for the zenith, is meant 


{crewing the quadrant of altitude to the given latitude on ~ 


the brafs meridian. 


between © 
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between the beginning of ries and beginning of j 
Cancer is to be ufed: from the 21ft of June to 
the 23d of September, between the beginning 
of Cancer and beginning of Libra: from the 
23d of September to the 21ft of December, 
between the beginning of Libra and the begin-. 
ning of Capricorn, and from the 2 ft of Decem- 
ber to the 20th of March, between the begin- 
ning of Capricorn and beginning of Aries. And 
ds one can never be at a lofs to know in what 
quarter of the year he takes the fun’s altitude 
and azimuth, the above caution with regard to 
the quarters of the ecliptic, will keep him right 
‘as to che month and day thereof. ae) 


PROBLEM XXVI.. 


fo jind the length of the longeft day at any given 
‘ place. sad 


‘ 


_- If the place be on the north fide of the equa-, 
tor, find its latitude (by Prob. I.) and elevate 
the north pole to that latitude; then, bring the 
beginning of Cancer os to the brafen meridian, 
and fet the hour-index to XII at noon. But if 
‘the given place be on the fouth fide of the 
equator, elevate the fouth pole to its latitude, 
and bring the beginning of Capricorn yp to the 
brafs meridian, and the hour-index to XII. 

_ This done, turn the globe weftward, until the 
beginning of Cancer or Capricorn (as the latitude 
is north or fouth) comes to the horizon; and 
_ the index will then point out the time of fun- 
_ fetting, for it will have gone over all the after- 
noon hours, between mid-day and fun-fet ; 

3 3 which 
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which length of time being doubled, will give 
the whole length of the day, from fun-rifing to 
fun-fetting. For, in all latitudes, the fun rifes 
as long before mid-day, as he fets after it. - 


PROBLEM: XXVII. 
To find in what latitude the longeft day is of any 


given length lefs than 24 hours. 


If the latitude be north, bring the beginning 
of Cancer to the brafen meridian, and. elevate | 
the north pole to about 66% degrees; but if 
the latitude be fouth, bring the beginning of — 
Capricorn to the meridian, and elevate the fouth — 
pole to about 66% degrees; becaufe the longeft * 
day in north latitude, is when'the fun is in the 
firft point of Cancer; and in fouth latitude, 
when he is in the firft point of Capricorn. ‘Then 
fet the hour-index to XII at noon, and turn the © 
globe weftward, until the index points at half 
the number of hours giyen ; which done, keep f 
the globe from turning on its axis, and flide the — 
meridiah down in the notches, until the afore- — 
faid point of the ecliptic (viz, Cancer or Capri-— 
corn) comes to the horizon; then, the elevation 

-of the pole. will be equal to the latitude re-_ 
quired. ee 


a 


3 
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PROBLEM XXVIII. 


kot 


‘f be latitude of any place, not exceeding 664 de- 


grees, being given; to find in what™* climate the 


place tS. 


_») Find the length of the longeft day at the 
given place by Prob. XXVI. and whatever be 
the number of hours whereby it exceedeth 


twelve, double that number, and the fum will - 


an{wer to the climate, in which the place is. < _ 


PROBLEM XXIX. 
The latitude, and the day of the month, being givens 
to find the bour of the day when the fun foines. — 


Set the wooden horizon truly level, and the 
brafen meridian due north and fouth by a ma- 
Tiner’s compafs: then, having rectified the 
globe, ftick a {mall fewing-needle into the fun’s 
place in the ecliptic, perpendicular to that part 
of the furface ‘of the globe: this done,-turn the 
globe on its axis, until the needle comes‘to the 
brafen meridian, and fet the hour-index to XII 


* A climate, from the equator to either of the polar cir- 
‘les, is a tract of the earth’s furface, included betweeén two 
duch parallels of latitude, that the length of the lengeit day 

. in the one exceeds that in the other by halfan hour; but 
‘from the polar circles to the poles, where the fun keeps long 
above the horizon without fetting, each ‘climate’ differs a 
whole month from the one next'to it. There’are twenty- 
four climates between the equator and each: of the polar cir- 
les 5. and fix from each polar circle t9 its.refpective pole. , 

thy , at 


—s 
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at noon; then, turn the globe on its axis, until | 
the needle points exactly towards the fun (which _ 
it will do when it cafts no fhadow on the globe) — 
and the index will fhew the hour of the day. 


- PROBLEM: XXX. 
A pleafant way of jhewing all thofé places of thé 


earth which are enlightened by the fun, and alfe 
the time of the day when the fun fhines. 


Take the terreftrial ball out of the wooden 
horizon, and alfo out of the brafen meridian; 
then fet it upon a pedeftal infun-fhine, in fuch 
a manner, that its north pole may point dire¢tly 
towards the north pole of the heaven, and the 
meridian of the place where you are be directly 
towards the fouth. Then, the fun will fhine 
upon all the like places of the: globe, that, he 
does on the real earth, rifing to fome when he ~ 
is fetting to others; as you may perceive by that — 
part where the enlightened half of the globe is 
divided from the half in the fhade, by thé 
boundary of the light and darknefs: all thofé 
places, on which the fun fhines, at any time, 
having day; and all thofe, on which he does _ 
not fhine, having night. : . oon | 
If a narrow flip of paper be put round the _ 
equator, and divided ' into 24 equal parts, be- 
ginning at the meridian of your place, and the 
hours be fet to thofe divifions in fuch a manner, — 
that one of the VI’s may be upon your meri- — 
dian; the fun being upon that meridian at noon; 
‘will then fhine exaétly to the two XII’s; and at — 
one o'clock to the two I’s, &c, So that the 
| place, 


v 


_ Observations concerning it. 


place, where the enlightened half of the globe - 
1s parted from the fhaded half, in this circle of » 


hours, will fhew the hour of the day. 

The principles of dialing fhall be explained 
farther on, by the terreftrial globe. Ac prefent 
we fhall only add the following obfervations 
upon it; and thea proceed to the ufe of the ce-" 
leftial lobe. | 7 


“1, The latitude of any place is equal to ¢be ele- 


| ‘vation of the pole above the borizon of that place, 


“wants of go degrees. . 


plement of the latitude, that is, to what the latitude 


_,. 2. Lbofe places which lie on ‘the equator, have no | 
‘latitude, it being there that. the latitude begins; and 


thofe places which lie. on the jirft meridian bave 


no longitude, it being there that the longitude be~— 


gins. Confequently, that particular place of ihe earth 


“neither longitude nor latitude. 


‘where the firft meridian interfetis tbe equator, bas 


73: In all places of the earth, except the poles, 


all’ the points of the compa/s may be diftinguifbed in 


f . 


the horizon: but from the north pole, every place 
“45 fouth, and from the fouth pole, every place 
ts north. Therefore, as the fun is content above 
the horizon. of each pole for balf @ year in its turn, 
We cannot be faid to depart from the meridian of 
Wither pole for half a.year together. Confequently, 
at the north pole it may be faid to be noon every 
“moment for baif a year; and let the winds blow 
from what part they-will, they muff always blow 
from the fouth, and at the fouth pole, from the 
port. | 
4. Becaufe one balf of the ecliptic is abcve the 
horizon of the pole, and the fun, moon and planets, 
“\mhove’ in (or nearly in) the ecliptic; they will all 
oe : UF | rife 


~ 


7 ‘ 
nm 


and the elevation of the equator is equal to the com- . 
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—. Obfervations concerning the 
rife and fet to the poles. But, becaufe the ftars 
never change their declinations from the equator (af 
leaft not fenfibly in one age) thofe which are once 


above the horizon of either pole, never fet below its 


and thofe which are once below it, never rife. 
5. All places of the earth do equally enjoy the be- 
nefit of the fun, in re[peét of time, and are equally 


deprived of it. 


6.. ell places upon the equator have their days 
and nights equally long, that is, 12 hours each, at 
all times of the year. . For although the fun declines 
alternately, from the equator towards the north and 
towards the fouth, yet, as the horizon of the equa- # 
tor cuts all the parallels. of latitude and declination 
in halves, the fun muft always continue above the 
horizon for one half a diurnal revolution about the 
earth, and for the other balf below it. ae 
9. When the fun’s declination is greater than the 
latitude of any place, upon either fide of the equator, 
the fun will come twice to the fame azimuth or point 
of the compals in the forenoon, at that place, and 
twice to a like azimuth in the afternoon, that is, 
he will go twice back every day, whilft his declina-— 
tion continues to be greater than the latitude. Thus, 
Juppofe the globe rectified to the latitude of Barba-— 
does, which is 13 degrees north, and the fun to be 
any where in~the ecliptic, between the middle of 


= 


. Taurus and middle of Leo; if the quadrant of ale 


titude be fet to about * 18 degrees north of the eaft 
in the horizon, the fun’s place be marked with a 
chalk upon the ecliptic, and the globe be then turned 
wefiwara on its axis, the faid mark will rife in the 
horizon a little to the north of the quadrant, and 
thence afcending, it will crofs the quadrant towards — 


* Prom the middle of Gemini to the middle of Cancer,)_ 
the quadrant may be fet zo degrees, ny bi , 4 
: a i fot 


and poles, the days and nights. are equally long, viz. 
12 hours each, when the fun is in the equinoéiial : 


ea 


; : - 
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the fouth; but before it arrives at the meridian, it 


will crofs tbe quadrant again, and pafs over the 


meridian, northward of» Barbadoes.. And if the 


quadrant be fet about 18 degrees north of the weft, 
the fun’s place will crofs it twice, as it defcends from. 
the meridian towards the horizon, in the after- 


8.\ Ln all places of the earth between the equator 


for; in all elevations of the pole, fort of go de- 


grees (which 1s the greatest) one balf of ihe equator 


(or equinoéiicl will be above the horizon, and the 


—_ 


other balf below it. 


g. The days and nights are never of an equal 


length at any place between the equator and polar 


circles, but when the fun enters the figns e Aries 


and x Libra. For in every other part of the 
ecliptic, the circle of the fun’s daily motion is divided 


the le/s is the difference between the length of the days 


snto two unequal parts by the horizon. 


10. The nearer that any place is'to the equator 


2 


| and nights in that place; and the more remote, 


the contrary. The circles which the fun defcribes 


in the heaven every 24 hours, being cut more 
nearly equal in the former cafe, and more unequally 


in the latter. 


11. ln all places lying upon any given. parallel 
of latitude, however long or fort the day or night 
be at any one of thefe places, at any time ‘of tke 


year, itis then of the fame length ai all the ref; 


_ for in turning the globe round its axis (when recti- 


_ fied according to the fun’s declination) all thefe 


_ places will keep equally long above or below the 
_ horizon. ve ee 
_ 12. Lhe fun is vertical twice a year to every. 
place between the tropics; to thofe under ibe tropics, 


Ue . ONCE 
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continues 24 hours above the horizon without’ fet- 


: Obfervations concerning the 
‘once a year, but never any where elfe. For, there 
can be no place between the tropics, but ‘that there 
will be two points in the ecliptic, whofe declination — 
from the equator is equal to the latitude of that — 
‘place’; and but one point of the ecliptic which basa — 
declination equal to the latitude of places on the 


f 


tropic which that point of the ecliptic touches atid 


as the fun never goes without the tropics, be can 


never be vertical to any place that Lies without ; 


PED EUT I , 4 s 3 
33. To all places in the * torrid zone, the ditva- — 
tion of the twilight is leaft, becaufe tbe fum’s daily — 
motion is the moft perpendicular to the horizon. In — 
the frigid + zones, greateft, becaufe the \fun's — 
‘daily motion is nearly parallél to thé horizon, and — 
therefore be is the longer of getting 18 degrees be- 
low it (till which time the twilight always con- 
tinues.) And in the { temperate zones it is at a ~ 
medium between the two, becaufe the obliquity of © 
the un’s daily motion 1s fo. } Ove ae 

i4. In all places lying exaéily under the polar — 
circles, the fun, when be is in the neareft tropic, — 


ting 5 becaufe no part of that tropic is below their — 
korizon. And when the fun is in the fartheft 
tropic, be is for the fame length of time without 
rifing » becaufe no part of that tropic is above their — 
horizon. But, at all other times of the year, be 
rifes and fets there, asin other places, becaufe all 
the circles that can be drawn parallel to the equator, 
between the tropics, are more or lefs ‘cut by the 
horizon, as they are farther’ from, or nearer to, 
that tropic which is all above the horizon: and _ 


* Between the tropics. 
+ Between the polar circles and poles. 
} Between the tropics and polar circles. 
, ae | 
4 whep 


ON 


Li errefirial Globe. 


t 


when the fun is not in either of the tropics, lis” 


diurnal courfe muft be in one or other of thefe 
circles. 

sien Wicd Qc ade places in the Bt eas bemi[pheFe, 
from the equator to the polar circle, the longeft day 
and foarteft night is when the fun is in the northern 
tropic ; ; and the Joorteft day and longeft night is 
when the fun is in the Southern tropic, becaufe no 


circle of the fun’s daily motion is Jo much above the 
horizon, and fo little below it, as the northern tro- 


pic; and none fo little above it, and fo much below 


it, as the fouthern. In the fouthern bemi/pbere, 
the contrary. 
16. lz all places between the polar circles and 


poles, the fun appears for fome number of ‘days (or 


_ rather diurnal revolutions) without Setting s 5. and at 
_ the oppofite time of the Jear without rifing ; becaufe 


Some part of the ecliptic never fets in the former 
cafe, ani as much of the oppofite part never rifes.in 
the latter. And the nearer unto, or the more re- 
mote from the pole, thefe places are, the longer or 
ocr ter is the furs continuing prefence or abfence. 
17. If a foip fets out from any port, and fails 
round ike earth eaftward to the fame port again, 
let ber take what time fhe will to do it in, the 


| people in that hip; in reckoning their time, will 


_ gain one complete day at their return, or count one 


day more than thofe who refide at the fame ports 
because, by going contraryto the fun’s diurnal motion, 
ond being forwarder every evening than they were 
in the morning, their horizon will get fo much the 
a. Jooner above the fetting fun, than if they had kept 


for a whole day at any particular place. And tbus, 
by cutting off apart proportionable to their own 


motion, from the length of every day, they will | 


gain a complete day of that fort at their return, 
without gaining one moment of abjalute time more 
U 


the - 


is | 3 th hn 
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than is elapfed during their courfe, to the people at 
the port. If they fail weftward, they will reckon 


one day lefs than the people do wha refide at the faia 


port, becaufe by gradually following the apparent 
diurnal motion. of the fun, they will keep him each. 
particular day fo much longer above their horizon, 
as anfwers to that day's courfe; and by that means, 
they cut off a whole day in reckoning, at their re- 


.- turn, without lofing one moment of abjolute time. 


The cele/- 


tial globe. 


Hence, if two foips fhould fet out at the fame 
time from any port, and (ail round the globe, one 
eafiward aud the other wefiward, fo as to meet at 
the Jame port.on any day whatever; they will differ 
two days in reckoning their time, at their return. 
If they fail twice round the earth, they will differ 
four days; if thrice, then fix, Sc. i 


DE, Gia y yi 
The ue of the celeftial globe, and armillary [phere. | 


AVING done for the prefent with the 
terreftrial globe, we fhall proceed to the — 
ufe of the celeftial ; firft premifing, that as the- 
equator, ecliptic, tropics, polar circles, hori- 
zon; and brafen meridian, are exactly alike on — 


‘both globes, all the former problems concern- 
‘ing the fun are folved the fame way by both — 


To re€ti- 
fy it. 


globes. The method allo of rectifying the - 


celeftial globe is the fame. as rectifying the ter-— 


‘reftrial,” viz. Elevate tHe pole according to the 
. Jatitude of your place, then ferew the quadrant 


Fh 


of altitude to the zenith, on the brats meridian ; | 
bring the fun’s place in the ecliptic to the 
graduated edge of the brafs meridian, on the 
mh Posy entre fide 


fide which is above the fouth point of the 


The Uje of the Celeftial. Globe. 


wooden horizon, and fet the hour-index to the 
uppermoft XII, which ftands for noon. | 

N..B. The fun’s, place for any day of the 
ear ftands direétly over that day on the hori- 


Zon of the celeftial globe, as it does on that of 


the terre(trial. 
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The latitude and longitude of the ftars, and of Latitude ~ 
all other celeftial phenomena, are reckoned in aand dongi- 
very different manner from the latitude and ‘## ofthe 


longitude of places on the earth: for all terref. 


trial latitudes are reckoned from the equator ; 


' and longitudes from the meridian of fome re- 
_ markable place, as of London by the Englifh, 
' and of Paris by the French; though moft of 


the French maps begin their longitude at the 


-- meridian of the ifland Ferre.——But the aftro- 
~ nomers of all nations agree in reckoning the 
Tatitudes of the moon, ftars, planets, and comets, 
from the ecliptic; and their Jongitudes from the 


 *® equinoétial colure, in that femicircle of it which 
¢uts the ecliptic at the beginning of Aries v ; 
- and thence eaftward, quite round, to the fame 
femicircle again, Confequently thofe ftars which 


Jie between the equinoctial and the northern 


half of the ecliptic, have north declination and 


~fouth latitude; thofe which lie between the 


" €quinoétial and the fouthern half of the ecliptic, 


have fouth declination and north latitude; and 


* The great circle that paffes through the eqguincGial points 


_ at the beginning of y and &, and through the poles of 


the world (which are two oppofite points, each go degrees 


’ from the equinoétial) is called the eguinodial colure: and the Cojyres, 


great circle that paffes through the beginning of a3 and VP, 


and alfo through the poles of the ecliptic, and poles of the 


world, is called the /ol/fitial colure. 


Bee Pe tito Sihdnidlyay a teal 9 


hol 
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Conftella- 


tions. 


. Of fuch animals as are delineated upon the’ celef- 
tial globe. And thofe ftars which lie between 


i be Ue of ibe Cele sial Globe. | 


all thofe which lie between the tropics and poles, 
Have their declinations and latitudes of the fame 
denomination. ! 


There are fix great circles on aye Seftial 


globe, which cut the ecliptic perpendicularly, % 


and meet in. two oppofite points in the polar 


circles; which points are each ninety degrees _ 


from the ecliptic, and are called its poles, 
-Thefe polar points divide thofe circles-into 12 


~femicircles; which cut the ecliptic at the begin-— 


nings of the 12 fiens, ‘They refemble fo many 
meridians on the terreftrial olobe ; and as all 


places which lie under any particular meridian — 
femicircle on that globe, have the fame longi- 


tude, fo all thofe points of the heaven, through 


Which any one of the above’ femicircles are. 


drawn, have the fame longitude.—And as the 
Sreatett. latitudes on the earth are at the north 


[a 


and fouth poles of the earth, fo the greateft Tati- — 


tudes in the heaven, are at the north and fouth - 


poles of the ecliptic. 
In order to diftinguith the ftars, with pesard 
to their fituations and pofitions in the heaven, 


the antients divided the whole vifible firmament * 


of ftars into particular fyftems, which they called 
conftellations and digefted them into the forms 


the ‘figures of thofe imaginary animals, “and — 


could not be brought within the compafs of any 
of them, were called wuformed Stars. 


Becavfe the moon and all the planets were 


obferved to move in circles or orbits which crofs- 


the ecliptic (or line of the fun’s path) at fmall 
angles, and to be on the ‘north fide of the eclip- 
tic for one half of rheit courfe round the hea- 
ven of ftars, and on the fouth fide of it for io 
ae cr 


. 


Lhe Ue of the Celeftial Globe. 


other half, but never to go quite 8 degrees from 
it on either fide, the antients diftinguifhed that 
fpace by two leffer circles, parallel to the ecliptic 
(one on each fide) at 8 degrees diftance from it. 
And the fpace included between thefe circles, 


they called the zodiac, becaufe moft of the 12. 


conftellations placed therein refemble fome living 
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creature.—Thefe conftellations are, 1. Aries v, Its figns, 
the ram; 2. Zaurus », the bull; 3. Ge-or divili- 


mini au, the twins; -4. Cancer os,. the crab; 
(5. Leo 9, the lion; 6. Virgo m, the virgin; 
9. Libra =, the balance; 8. Scorpio. m, the 
' fcorpion; g. Sagittarius p,the archer; 10. Ca- 
_ pricornus vp, the goat; 11. Aquarius wz, the 
water bearer; and 12. Pi/ces 3¢, the fifhes. 


It is to be obferved, that in the infancy of Remark; 


aftronomy, thefe twelve conftellations f{tood at 


_ Or near the places of the ecliptic, where the 


_ above characteriftics are marked upon the globe: 
_ but now, each ‘conftellation has got a whole fign 
forwarder, on account of the receffion of the 
equinoctial points from their former places. 
_ So thatthe conftellation of Aries, is now in the 
former place of Taurus, that of Taurus, in the 
former place of Gemini, and fo on. 

The ftars appear of different magnitudes to 
_ the eye; probably becaufe they are at different 
 diftances from us. ‘Thofe which appear bright- 
eft and largeft, are called flars of the firft mag- 
 wmitude, the next to them in fize and luftre, are 
- Calied flars of ihe fecond magnitude; and fo on 
to the fxth, which are the fmalleft that can be 

difcerned by the bareeye. | 

Some of the moft remarkable ftars have names 

_ given them, as Ca/for and Pollux in the heads of 
the Twins, Sirius. in the mouth of the Great 
Dog, Procyon m the fide of the Little Dog, Rigel 

. / in 
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in the left foot of Orion, Ar Gurus neat the right 


thigh of Bootes, &c. 
P befé things being premifed, which I think 


are all that the young Jyro need be acquainted — 


- with, before he begins to work any problem by, 


this olobe, we fhall now proceed to the moft 
ufeful of thofe problems; omitting feveral which 
are of little or no confequence. 


ie ar 


To id ibe. * right afcenfion and + declination at 
the jun, or any feted Md ae 


‘ Bring the fun’s place in the ecliptic to the | 


brafen “meridian, then that degree in the equi- 
noétial which is cut by the meridian, is the fun’s 
right afcenfion, and that degree of the meridian 
which is over the fun’s place, is his declination. 
Bring any fixed ftar to the meridian, and its 
right P afcenfion will be cut by the meridian in the 
equinodtial ; and the degree of the meridian that 
itands over it, is its declination. 


‘So that. right afcenfion and declination, on the 
| cele eftial globe, are found in the fame mannex 


as Bs MORIIKG e and Jatitude on the ictarie tial 


’ 


*. The Fcine of the equinoétial, teckoned, ree yi 4 
ginning of Aries, that comes to the meridiag with the fun, or 
itar, is its right afcenfion. 


_ + The dittance of the fun or ftar in degrees from the equi-. “ 


noctial, towards, either of the poles, north or fouth, is its — 


declination, which is north or fouth accordingly, 4 
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PROBLEM I. 
~ To find the latitude and longitude of any ftar. 


If the given ftar be on the north fide of the. 
ecliptic, place the goth degree of the quadrant 
of altitude on the north pole of the ecliptic, 
where the twelve femicircles meet; which di- 

wide the ecliptic into the 12 figns: but if the 
ftar be on the fouth fide of the ecliptic, place 
the goth degree of the quadrant on the fouth 
pole of the ecliptic: keeping the goth degree of 
the quadrant on the proper pole, turn the qua- 
-drant about, until its graduated edge cuts the 
- ftar: then, the number of degrees in the qua- 
_ drant, between the ecliptic and the ftar, is its 
_ Jatitude ; and the degree of the ecliptic cut by 
the quadrant is the ftar’s longitude, reckoned 
according to the fign in which the quadrang 
then is, 


PROBLEM It, 


Fo reprefent the face of the flarry firmament, as 
s feen from any given place of the earth, at any 
hour of the night. . 


 Reétify the celeftial slobe for the given lati- 
_.tude, the zenith, and :{un’s place, in every re= 
_ -fpett,, as taught by the 17th problem, for the 
terreftrial; and turn it about, until the index 
points to the given hour; then, the upper he- 
-mifphere. of the globe will reprefent the vifible 
half of the heaven for that time: all the ftars 
ML upon 
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upon the globe being then in fuch fituations, as, — 


exactly correfpond to thofe in the heaven. And 
if the globe be placed duly north and fouth, by 


means.of a-fmall fea-compafs, every ftar on the | 
globe will point toward the like ftar in the hea- 
‘yen: by which means, the conftellations and — 


remarkable ftars may be’ eafily known. ‘All 
thofe ftars which are in the eaftern fide of the 


horizon, are then rifing in the eaftern fide of 
the heaven; all in the weftern, are fetting in — 
the weftern fide; and all thofe under the upper — 
part of the brafen meridian, between the fouth 
point ‘of the horizon and the north pole, are at 
‘their greateft altitude, if the latitude of the — 
place be north s but if the latitude ‘be fouth, — 
_ thofe ftars which lie under the upper part of the — 
meridian, between the north point of the:hori- — 
zon and the fouth pole, are at their greate : 
‘altitude. | ‘7 | 


PROBLEM W. 


The latitude of the place, and day of the month, 
being given to find the time when any known ¥ 


far will rife, or be on the meridian, or fet. 


Having reftified the globe, turn it.about un- 
til the given {tar comes to the eaftern fide.of the 


ftar’s-fetung. 


we a 


‘horizon, and the index will fhew the time of | 
the ftar’s rifing ; then turn the globe weftward, — 
and when the {tar comes tothe brafen meridian, © 
“the index will thew thetime of the ftar’s coming 
~*to the meridian .of your place ; laftly, curn on, — 
untilthe ftar comes, to the weftern fide of the — 
“horizon, and the index will fhew.the time.of the 


‘oa co eT 
Pa 
F NN; B. 
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‘N. B. In northern latitudes, ‘thofe ftars which 
are ‘lefs diftant from the north pole, than the 
-quantity of its elevation above, the north point 
‘of the horizon, never fet; -and.thofe which are 
lefs diftant from the fouth pole; than the num- 
ber of degrees by which it is deprefied below 
the horizon, never rife: and vice verfa | in fouth- 
erm latitudes. tt, 


PROBLEM. Vv. 


To find at what time of the pee a nibs will 
be upon the meridian, at. a £56 bour of the 
night. , 


Bring the given ftar to the upper femicircle 
of the “bras ‘meridian, and fet the index to 
_ the given hour.; then turn the, globe, until the 
index points to XU at noon, and the upper fe- 
__micircle of the meridian will then cit the fun’s 
place, anfwering to the-day of the yéar fought 
which day may “be eafily found. againtt the like 
place of the fun amone Ae figns on n the wooden 
~ horizon. 
; PROB L.E™M. -VI. 
The latitude, day of the month, and* azimuth 
of any known flar being given, to. find the bour 
of the night. 


Having rectified the globe for the Hesciei sche: 7 


zenith, and fun’s place; lay the quadrant of 


4 * The number of degrees that the fun, moon, or any 
, far, is from the meridian, either to the eaft or welt, is called 
its azimuth, 


altitude 
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out the hour of the night... ° 


PROBLEM VIt. 


The latitude of the place, the day of the month, and — 
altitude * of any known ftar, being given; tofind — 


the hour of the night. 


altitude'to the given degree of azimuth in the ho- — 

‘rizon: then turn the globe on its axis, until the 
ftar comes to the graduated edge of the qua- — 
drant; and when it does, the index will point — 


~ Reétify the globe as‘in the former problem, i 


guefs at the hour of the night, and turn the 


globe until the index points at the foppoted 


hour; then lay the graduated edge of the qua- 


drant of altitude over the known ftar, and if the 


degree of the ftar’s height in the quadrant upon 
the globe, anfwers exaétly to the degree of the 
ftar’s obferved altitude in the heaven, you have 
gueffed exactly : but if the ftar on the globe is 


ee en - . 
aS gl eae en ae etre Pe a 


higher or lower than it was obferved to be in the _ 
heaven, turn the globe backwards or forwards, ~ 
keeping the edge of the quadrant upon the ftar, — 


until its center comes to the obferved altitude in 
the quadrant; and then, the index will fhew the © 
true time of the night. 


Fee eat 


* The number of degrees that the flar is above the hori- a 


its altitude, 


zon, as obferved by means of acommon quadrant, is called — 


PR Os 


_.  §Yhe Ufe of the Celepial Globe, 
PROBLEM,.ViIL.,, ,, 

An ealy method for finding the bour of ‘the night by 
» any two known flars, without knowing either thew 
altitude or azimuth; and then, of finding both 


their altitude and azimuth, and thereby the true 
i dieR it te etl | | 


: 


_ Tie one end of a thread to a common mufket 
bullet; and, having'reétified the globe as above, 


‘hold-the other end’ of the thread in your hand, - 


and carry it flowly round betwixt youreye and 

the flarry heaven, until you find it cuts any two 
‘Known ftars at once. Then, gueffing at the 
“hour of the night, turn the globe until the index 
‘points to that time ‘in’ the hour-circle ;, which 
done, lay the graduated edee of the quadrant 
“over any one of thefe two ftars on ‘the’globe, 
which the thread cut‘in the heaven. If the faid 
edge of the quadrant cuts the other ftar alfo, you 


_ vhave’ gueffed the time/exa@ly ; but ‘if it does 


“not, turn the globe’ flowly backwards or for- 
wards, until the quadrant (kept upon either ffar) 
cuts them both through their centers : and then, 


the index will point “out the exac time of the 
_ might; the degree of the horizon, cut by the 


quadrant, will be the true azimuth-of both thefe 


{lars from: the fouth;-and the’ ftars themfelves. 


will cut their true altitudes.in the quadrant. At 


which momient; if -a°common. azinjuth. compafs 
_ be fo fet upon a floor or level pavement, that 
‘thefe ftars’ in’ the heaven. may have the (ame 
“bearing upon it (allowing for the variation of 
_ the needle) as the quadrant of altitude has inthe 


_ wooden horizon of the globe, a thread extended 


-over the north and fouth points of that compafs 
- ae ark | will 


ae 
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will be dire€ily in the plane of the meridian: 


and if a line be drawn upon the floor or pave- 
ment, along the courfe of the thread, and an up- 
right wire be placed in the fouthmoft end of the 


line, the fhadow of the wire will fall upon that 


line, when the fun is on the meridian, and fhines 


upon: the anna, 


PROBLEM IX. 


oe 0 find the place of the moon, or of any nee as 


thereby to foew the time of its rifing, Joutbing, and 
setting... 


¥ 


Seek in a UBE s or Weaver's Ephemeris ‘the 


*® seocentric, place of the moonor_ planet, in the 


ecliptic, for the given day.of the month. and, 
according to its longitude and latitude, as fhewn 


‘by the Ephemeris, mark the. fame with.a chalk 
‘upon the globe. ‘Then, . having rectified - the 


globe, turn it round. its axis weltward 5 and as 


hp eos 


the faid mark comes to the eaftern fide of the ' 


horizon,.to the brafen meridian, and to.the © 
weftern fide of the horizon, the index will thew — 
at what time the planet rifes, comes to the meri- _ 


dian, and, fets, in the fame manner as it would do — 


for a fixed ftar. 
PR OBL. ELM cake. 


-— Lo.explain the phenomena of, the. harvef-moon. 


In.order to do this, we muft premife the fol- 4 


cies things. .1. That as the fun goes only 


* The place of the moon or planet, as feen from es 


earth, is called its geocentric place. 


once — 
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oncé a year round the ecliptic, he can be but 
ncéa year in’ any particular point of it: and 
that’his motion is almoft a degree every 24 
‘hours, at a mean rate. 2. That as the moon 
_goes round the ecliptic once in 27 days and 8 
‘hours, fhe advances 1 3% degrees in it,’ every. 
‘day ata mean rate. 3. That as the fun goes 
through part of the ecliptic in the time the 
moon goes roundit, the moon cannot at any time 
‘be either in conjunction with the fun, or oppofite 
‘to him, in that part of the ecliptic where fhe was 
fo the laft time before; but muft travel ‘as 
much forwarder, as the fun has advanced in ‘the 
faid time; which being 294 days, makes almoft 
a whole ign. Therefore, 4. The moon can be 
‘but once a year oppofite to the fun, in any 
» particular part of the ecliptic. 5. That the 
‘moon is never full but when fhe is oppofite to 
“the fun, becaufe at no other time can we fee all 
_ that half of her, which the fun enlightens, 6. That 
‘when any point of the ecliptic rifes, the oppofite 
‘point fets. Therefore, when the moon is oppo- 
fite to the fun, the mutt rife at * fun-fet.. 7. That 
the different figns of the ecliptic rife at very dif- 
ferent angles or degrees of obliquity with the 
horizon, efpecially in confiderable latitudes 5 and 
“sthat the fimaller this angle is, the greater is’ the 
_ portion of the ecliptic that rifes in any {mall part 
of time; and vice verfa. 8. That, in northern 
“Antitudes, no part of the ecliptic rifes at fo finall 
‘anangle with the horizon, as Pi/ces and Aries do; 
| “therefore, a greater portion of the eelipric rifes in 


* This is not always ftriétly true, becaufe the moon doés 
‘not keep in the ecliptic, but croffes it twice every month. 
‘However, the difference need not be regarded in a general 


_ 
m4 : one 
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one hour; about thefe figns, than about any of 


the reft. 9. That the moon can never be full 


in Pifces and Aries but.in our autumnal months, 
for-at no-other time of the year is the fun in the 


oppelite fions Virgo and Libra. | 
Thefe things premifed, take 13% degrees of 


the ecliptic in your compaflés, and beginning at 
_ «Pifces, carry that extent all. round the ecliptic, 
smarking the places with a chalk, where the 
‘points of, the compafles fucceflively fall. So 


you will have the moon’s daily motion marked 
out for one compleat revolution in the ecliptic 


(according to § 2 of the laft paragraph.) 


Rectify the globe for any confiderable northern . 


~ Jatitude, (as {uppofe that of London), and then, 


turning the globe reund its axis, obferve how © 


-much of the hour-circle the index has gone over, 


at the rifing of each. particular mark on the © 


ecliptic; and you will find that feven of the 


marks (which take in as much of the ecliptic as. 


the moon goes through in a week) will all rife 
fucceffively about Pifces and Aries, in the time 
-that the index goes over two hours. Therefore, 
whilft, the moon is in Pifces and Aries, fhe will not 
_-differ in general above two hours in her rifing 


for a whole week. But if you take notice of © 


_ the marks on the oppofite figns, Virgo and Libra, 
you will find that feven of them take nine hours” 


to rife; which fhews, that when the moon is in ~ 
thefe two figns, fhe differs nine hours in her 
rifing within the compafs of a week, And fo 
much later as every mark is of rifing than the 
one that rofe next before it, fo much later will 
the moon be of rifing on any day than fhe was.on 
the day before, in the correfponding part of the © 
eet The matks about Cancer and Ag 

rife 
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rife at a mean difference of time between thofe 


about “ries and Libra. 

Now, although the moon is in Pi/ces and Aries 
every month, and therefore muft rife in thofe 
figns within the {pace of two hours later for a 


whole week, or only about 17 minutes later - 


every day than fhe did on the former; yet fhe 


7 


is never full in thefe figns, but in our autumnal | 


months, Augujt and September, when the fun is in 


Virgo and Libra, Therefore, no full moon in 
‘the year will continue to rife fo near the time of 
fun-fet for a week or fo, as thefe two full moons 


do, which fall in the timeof harvett. | 
In the winter months, the moon: is in Pifces 
and Aries about her firft quarter; and/as thefe 
figns rife about noon in winter, the moon’s rifing 
in them paffes unobferved. In the fpring 
months, the moon changes in thefe figns, and 
confequently rifes at the fame time with the fun ; 


fo that it is impoffible to fee her at that times 
Tn the fummer months fhe is in thefe figns about 


her third quarter, and rifes not until mid- night, 
when her rifing is but very little taken notice 
of ; efpecially as fhe is on the decreafe. But in 


ithe harveft months fhe is at the full, when in 
‘thefe figns, and being oppofite to the fun, fhe 


rifes when the fun {ets (or foon after) and fhines 


all the nigh. 


In fouthern latitudes, Virgo and Libra ce at as 
drall angles with the horizon, as Pi/ces and Aries 
do in the northern ; and as our {pring is at the 
time of their harvett, it 1s plain their harveft full 
moons muft be in Virgo and Lidra;.and- will 
therefore rife with as little difference of time, as 


Ours do in Pi/ces and Aries. 
Fi 
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~ For ‘a fuller account of this matter, I mut 
refer the reader to my Aftronomy, in which it is. 
‘defcribed at large. | 


PROBLEM XI. 


To explain the equation of time, or difference of time 
between well regulated clocks and true fun-dials. 


The earth’s motion on its axis being perfectly _ 
equable, and thereby caufing an apparent 
equable motion of the ftarry heaven round the — 
fame axis, produced to the poles of the heaven; — 
it is plain that equal’ portions of the celeftial 
‘equator pafs over the meridian in equal parts of - 

time, becaufe the axis of the world is perpendi- — 
cular to the plane of the equator. And there- ~ 
fore, if the fun kept his annual courfe in the | 
celeftial equator, he would always revolve from. 
the meridian to the meridian again in 24 hours — 
exactly, as fhewn bya well-regulated clock. 

But as the fun moves in the ecliptic, which is — 
oblique both to the plane of the equator and axis — 
of the world, he cannot always revolve from the — 
meridian to the meridian again in 24 equal” 
hours; but fometimes a little fooner, and at | 
other times a little later, becaufe equal portions © 
of the ecliptic pafs over the meridian in unequal — 
parts of time on account of its obliquity. And — 
this difference is the fame in all latitudes. «© 

To thew this by a globe, make chalk-marks _ 
all’around the equator and ecliptic, at equal — 
diftances from one another (fuppofe 10 degrees) | 
beginning at Aries or at Libra, where thefle two | 
circles interfeét each other. Then turn the 
' globe 
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globe round its axis, and you will fee that all - 


the marks in the firft quadrant of the ecliptic, or 
from the beginning of Aries to the beginning of 
Cancer, come fooner to the brafen meridian than 
theif corréfponding marks do on the equator : 
thofe in the fecond quadrant, or from the be- 


ginning of Cancer to the beginning of Libra, 


come later: thofe in the third quadrant, from 
Libra to Capricorn, fooner; and thofe in the 
fourth, from Capricorn to Aries, later. But thofe 
at the beginning of each quadrant come to the 
meridian at the {ame time with their correfpond- 


_ ing marks on the equator. 


_— 


Therefore, whilft the fun is in the firft and 
third quadrants of the ecliptic, he comes fooner. 
to the meridian every day than he would do if 
he kept in the equator; and confequently he is 


 fafter than a well regulated clock, which always 


keeps equable or equatorial time: and whilft he 
is in the fecond and fourth quadrants, he comes 
later to the meridian every day than he would 


do if he kept in the equator; and is therefore 


flower than the clock. But at the beginning of 
each quadrant, the fun and clock are equal. 
And thus, if the fun.moved equably in the 


ecliptic, he would be equal with the clock on 


_ four days of the year, which would have equak 
-mtervals of time between them. But as he. 


_ moves fafter at {ome times than at others (being 


eight days longer in the northern half of the 
ecliptic than in the fouthern) this will caufe a 
fecond inequality; which combined with the 


- former, arifing from the obliquity of the ecliptic 


to the equator, makes up that difference, which 
is fhewn by the common: equation tables to be 


between goad clocks and true fun-dials, 
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Plate XX, 


Fig. 1. 


Of the Armillary Sphere. 


- The defcription and ufe of the armillary Sphere. 


Whoever has feen a common armillary /phere, 
and underftands how to ufe it, muft be fenfible 
that the machine here referred to, is of a very: 
different, and much more advantageous con- 


- ftruGtion. And whoever has: feen Phe curious. 


glafs {phere invented by Dr. Lone, or the figure 
of it in his Aftronomy, muft know that the “fur- 
niture of the terreftrial globe in this machine, 
the form of the pedeftal, and the’ manner of 
turning either the earthly globe, or the circles 
which furround it, are all copied from the 
Doétor’s glafs {phere s and that the only diffe- _ 
rence is, a parcel of rings inftead of a glats celef- 
tial globe; and all the additions are a moon - 
within the fphere, and a fernicircle upon the 


| pedettal, 


The ar- 
millary 
Sphere. 


The exterior parts of this machine are a com- 
pages of brafs rings, which reprefent the princi- 
pal circles of the heaven, viz. ¥. The equinoctial 
AA, which is divided into 360 degrees. (begin- 


‘Ding at its interfeétion with the ecliptic in Aries) 


for ‘fhewing the fun’s right afcenfion in degrees 3, 
and alfo into 24 hours, for fhewing his right 
afcenfion in time. 2. The ecliptic B B, which is 
divided into 12 figns, and each fign into 30 de- 
grees, and alfo into the months and days of the 
year; in fuch a manner, that the degree or point 
of the ecliptic in which the fun is, on any given 
day, ftands over that day in the circle of month 

3. The tropic of Cancer CC, touching the eclip- 
tic at the beginning of Cancer in e, and the 
tropic of Capricorn D D, touching the ecliptic at 


the beginning of Capricorn i inf; each237 degrees 


from 
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- from the equineétial circle, 4, The arctic circle 
, and the antarctic circle F, each 2 3+ degrees 


from its refpective pole at .N and S... 5. The 


equinoctial colure GG, ,paffing through the 
north and fouth poles of the.heaven at N and S, 
and through the equinoétial points “vies, and 
Libra, in the ecliptic. 6. The folftitial colure 
| 1H, paffing through the poles of the heaven, and 
through the folftitial points Cancer and Capricorn, 
in the ecliptic. Each quarter of the former of 
thefe colures is divided into go degrees, from the 
equinoctial to the poles of the world, for fhew- 
ing the declination of the fun, moon, and ftars ; 
and each quarter of the latter, from the ecliptic 
at e and /, to its poles 4 and d, for fhewing the 
latitudes of the ftars. | ) it 
In the north pole of the ecliptic is a nut 2, to 
which is fixed one end of a quadrantal wire, and 
to the other/end a fmall fun Y, which, is carried 
round the ecliptic B B, by turning the nut: and 
in the fouth-pole of the ecliptic is a pin, at d, on 
which is ,another quadrantal wire, with a {mall 
moon Z upon it, which may be moved round by 
hand: but.there is a-particular contrivance for 
caufing the moon to move in an orbit which 
croffes the ecliptic at an angle of 53. degrees, in 
two oppofite points called the moon’s nodes; and 
alfo for fhifting thefe points backward in the 
ecliptic, as the moon’s nodes fhift in the-heaven. 
Within thefe circular rings is a fmall terref- 
trial globe J, fixt on an axis K K, which extends 
from the north and fouth poles of the globe at 2 


_ ands, tothofe of the celeltial fphere at Nand S. . 


On this axis is fixt the flat celeftial meridian LZ, 
which may be fet direétly over the meridian of 
any place on the globe, and then turned round 
withthe globe, fo as to keep over the fame 

, X 4 meridian 
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_ meridian upon it.) This: flat meridian is ‘gra+ 


duated) the fame’ way as the brafs* meridian of 
a'common globe, and its ufe is much the fame. 
To this ‘globe is fitted the moveable horizon 


MM, fo-as'to turn upon two ftrong wires pro- 


ceeding from its eaft and weft points to the 
elobe, and entering the globe at oppofite points 


‘of its equator, which is'a moveable brafs ring let 
into the globe in a groove all around its equator. 


The globe may. be turned? by hand within this. — 


ying, fo as to place any given meridian upon it, 


directly under the celeftial meridian ZZ. The 


horizon is divided: into 360 degrees all around — 


its outermoft edge, within which’are the points 
of the: compafs, for fhewing the ‘amplitude of 
the fun and. moon, both in degrees and ‘points. 
The celeftial meridian ZZ paffes through two 
notches in the north and fouth’ points of the 
horizon, as in a common globe: but here, if 
the globe’ be turned round, the horizon and 


meridian turn with it. - At the fouth pole of the — 
{phere is a circle of 24 hours, fixt tothe rings, 
and onthe axis is an index which goes round © 
that circle, if the globe be turned round its — 


« The'whole fabric: is fupported. on ' pedeftel : . 


Ny and may be elevated or depreffed upon‘ the 
joint O, -to any nurhber of degrees from 0 to-go, 


by means of the arc-P, which is fixed in the — 


. ftrong brafs arm’ Q, and: flides in the upright — 


piece -R, ‘in whichis a ferew at r, tofix it at any 


proper elevation. 9° (0 


In the box f are two wheels (as in Dr. Long’s 
{phere) and two pinions, whofe axes come out 
at Yand U; either ef which maybe turned by 


the {mall winch 7. When the’ winch is put 
upon the axis, and turned backward, the ter- 


Baer Be | 


reftrial 


ae 
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reftrial clobe, with its horizon and celeftia] me- 
ridian, keep at reft; and the whole {phere of 
circles turns round from eaft, by fouth, to weft, 
carrying thefun 7, and moon Z, round the fame 
way, and caufing them to rife above and fet. be- 
low the horizon. But when the winch is put 
upon the axis U, and turned forward, the fpheré 
with the fun and moon keep at reft; and the 
earth, with its horizon and meridian, turn round 
from weit, by fouth, to eaft; and bring the fame 
_ points of the horizon to the fun and moon, to 
which thefe bodies came when the-earth kept at 
reft, and they were carried round it; fhewing 
that they rife and fet in the fame points of the 
horizon, and at the fame times in the hour-circle, 
whether the motion be in the earth or in the 
heaven. If the earthly globe be turned, the 
hour-index goes round its hour-circle; but if 
the fphere be turned, the hour-circle goes round 
below the index. wit 

_ And fo, by this conftru€tion, the machine is 
equally fitted to fhew either the real motion of 


the earth, or the apparent motion of the » 


heaven. 3 

To rectify the {phere for ufe, firft Macken the 

ferew rin the upright ftem R, and taking hold 
of the arm Q, move it up or down until the 
_ given degree of latitude for any place be at the 

fide of the ftem R; and then the axis of the 
_ fphere will be properly elevated, fo as to ftand 
- parallel to the axis of the world, if the machine 
be fet north and fouth by a {mall compafs : this 
done, count the latitude from the north-pole, 
upon the celeftial meridian Z £, down towards 
the north notch of the horizon, and fet the hori- 
gon to that latitude; then, turn, the nut 2 until 
the fun Y comes to the given day of the year in 
. tic 


y, 
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the ecliptic, and. the fun will be at ‘its proper 


-place.tor that day : find the place of the moon’s 


afcending node, and alfo.the place of the moon, 


by an Ephemeris, and fet. them right accord- 
—Angly: laftly, turn the winch VW, until either the 
dun comes to the meridian, Z Z,-or until the me- 


ridian comes to the fun (according as you want 
the {phere or. earth to move), and. fet the hour- 
index to the XII, marked.noon, ‘and the whole. 
machine will be. rectified, — Then turn.the 
winch, and obferve when the fun or moon rife 
and fet in the horizon, and the hour-index-will 
fhew the times thereof for the given day. yy: 


As thofe who underftand the ufe of the globes 
will be at no lofs to work. many. other problems 
by this {fphere, it is needlefs to enlarge, any 
farther upon it. - aenrpad 


Li rCcT LQ 
The principles and art. of dialing, . 


Dial is a plane, upon which, lines are de- 
{cribed in fuch a manner, that the fhadow 
of a wire, or of the upper edge of a plate ftile, 
erected perpendicularly on the plane of the dial, 
may fhew the true time of the day... , 
The edge of the plate by which the time of 
the day is found, is called the ftile of the dial, 
which muft be parallel to the earth’s axis; and 
the line on which the faid plate is ereéted, is 
called the fubftile. - ae cd 
The angle included between. the fubftile and 


_ file, is called the elevation, or height of the 


ftile. | acim 
Thofe dials whofe planes are parallel to the 
plane of the horizon, are called horizontal dials ; 

: and 
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and thofe dials whofe planes. are . perpendicular 
to the plane of the horizon, are called vertical, 
or erect dials. ! eeu | 
. Thofe erect dials, whofe planes directly front 
the north or fouth, are called. direct north or 
fouth dials; and all other erect dials are called 
decliners, becaufe,their planes are turned away 
from the north or fouth. ey a | 
~- Thofe dials whofe planes are neither parallel 
nor perpendicular to; the plane of the. horizon, 
are called inclining, or reclining dials,.accord- 
ing as their planes make acute or, obtufe angles 
with the horizon; and if-their planes. are alfo 
turned afide. from facing the fouth or north, 
_ they are called declining-inclining, or declining- 
reclining dials, | 


The interfection of the plane of the dial, with 

that of the meridian, paffing through the ftile, 
is called the meridian of the dial, or the hour- 
line of XII. . | ) : | 

Thofe meridians, whofe planes pafs through 
the ftile, and make angles of 15, 30, 45, 60 
75, and 90 degrees with the meridian of the 
place (which marks the hour-line of XII) are 
called hour-circles ; and their interfections with 
the plane of the dial, are called hour-lines. | 

In all declining dials, the fubftile makes an 
angle with the hour-line of XJI; and this angle 
is called the diftance of the fubftile from the 
meridian. | oe, nS Be 
-. . The declining plane’s difference of longitude, 
is the angle formed at the interfection of the 
{tile and plane of the dial, by two. meridians 5 
one of which paffes through the hour-line of XII, 
and. the other through the fubftile. 


This 
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‘This much being premifed concerning dials in ge. 
neral, we foall now proceed to explain the different 
methods of their conftruétion, © =» 

If the whole earth a Pc p were tranfparent, 
and hollow, like a fphere of glafs, and had its 


_ equator divided into 24 equal parts by fo many 


meridian femicircles, a, }, c, d, ¢, f, g, 8c. one 
of which is the geographical ‘meridian of any 


given place, as London (which is fuppofed to 


be at the point a;) and if the hours of XII 
were marked at the equator, both upon that 
meridian and the oppofite one, and all the reft 
of the hours in order on the reft of the meri+ 
dians, thofe meridians would be the hour-cireles 
of London: then, if the fphere had an opake 
axis, as P Ep, terminating in the poles P and 
p, the fhadow of the axis would fall upon every 
particular meridian and hour, when the fun 
came to the plane of the oppofite meridian, and 
would confequently fhew the time at London, 
and at all other places on’ the meridian of 
Eondon.- = bit a 90 
If this {phere was cut through the middle by 
a folid plane 4 BC D, in the rational horizon of 
London, one half of the axis E P would be 
above the plane, and the other half below it; © 
and if ftraight lines were drawn from the center 
of the plane, to thofe points where its circumi=_ 
ference is cut by the hour-circles of the fphere, 
thofe lines would be the hour-lines of ‘a hori- 
zontal dial for London : for the fhadow of the 
axis wauld fall upon each particular hour-line 
of the dial, when it fell upon the like hour-circle 
If the plane which cuts the fphere be upright, 
as 4 FCG, touching the given place (London) © 
at #, and directly facing the meridian of Lon- 
mages don, 
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don, it will then become the plane of an erect | 
direct. fouth dial : and if right lines be drawn Vertical 
from its center E, to thofe points of its circum-“” 
-ference where the hour-circles of the fphere cut 
it, thefe will be the hour-lines of a vertical or 
direct fouth dial for London, to which the hours 
are to be fet as in the figure (contrary to thofe 
on a horizontal dial) and the lower half £ p of 
the axis will caft a fhadow on the hour of the 
day in this dial, at the fame time that it would 
fall upon the like hour-circle of the fphere, if — 
the dial-plane was not in the way. 

If the plane (ftill facing the meridian) be Jachnixg 
made to incline, or recline, by any given number wl 
of degrees, the hour-circles of the {phere will).7/,° 
{till cut the edge of the plane in thofe points to 
which the hour-lines muft be drawn: ftraight 
from the center; and the axis of the {phere will 
caft a fhadow on thefe lines at the refpective | 
hours. The like will ftill hold, if the plane be p,.7: 4 
‘made to decline by any given number of degrees aials,” $ 
from the meridian, towards the eaft or weit: 
provided the declination be lefs than go degrees, 
or the reclination be lefs than the co-latitude 
of the place: and the axis of the {phere will be 
a gnomon, or ftile, for the dial. But it cannot 
be a gnomon, when the declination is quite go 
degrees, nor when the reclination is equal to 
the co-latitude; becaufe in thefe two cafes, 
the axis has no elevation above the plane of the 
dial. 

And thus it appears, that the plane of every 
dial reprefents the plane of fome great circle 
upon the earth; and the gnomon the earth’s 
axis, whether it be a {mall wire, as in the above 
- figures, or the edge of a thin plate, as in.he 
~ common horizontal dials. , sd ae 
po The 


326 


Of Dialing: 
The whole earth, as.to its bulk, ‘is but a 


_ point, if compared to its diftance from the fun: 


and therefore, if a {mall fphere of glafs be placed 
upon any part of the earth’s furface, fo that — 
its axis be parallel to the axis of the earth,’ and 
the {phere have fuch lines upon ‘it, and fuch 
planes within it, as above defcribed; it will 
fhew the hours of the day as truly as if it wére 


placed at the earth’s center, and the fhell of the 


earth were as tranfparent as glafs, ied ‘ae 
But becaufe it 1s impoffible to have a hollow 


{phere of glafs perfectly true, blown round a 


Fig. 2, 3. 


Dialing 
by the 
common 
terreftrial 
globe. 


folid plane; or if it was, we could not get at. 
the plane within the glafs to fet it in any given 
pofition; we make ule of a wire-fphere to ex- 
plain the principles of dialing, by joining 24 
femicircles together at the poles, and putting a 
thin flat plate of brafs within it. 

A min ver globe, of 12 inches diameter, has 
generally 24 meridian femicircles drawn upon 
it. If fuch a globe be elevated to the latitude of 
any given place, and turned about until any one 
of thefe meridians cuts the horizon in the north 
point, where the hour of XII is fuppofed to 
be marked, the reft of the meridians will cut 
the horizon at the refpective diftances of all the 
other hours from XII. hen, if thefe points of 
diftance be marked on the horizon, and the 
globe be taken out of the horizon, and a flat 
board or plate be put into its place, even with 
the furface of the horizon ; and if ftraight lines 
be drawn from the center of the board, to thofe 
points of diftance on the horizon which were 
cut by the 24 meridian femicircles, thefe lines 


will be the hour-lines of a horizontal dial for 


that latitude, the edge of whofe gnomon mult | 
be in the very fame fituation that the axis of the 
| 5 globe 
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‘globe was, before it was taken out of the hori- 
‘zon: that is, the gnomon muft make an angle 
‘with the plane of the dial, equal to the latitude. 
of the place for which the dial is-made. 

If the pole of the globe be elevated to the 
* co-latitude of the given place, and any meri-. 
‘dian be brought to the north point of the hori- 
zon, the reft of the meridians will’cut the horizon. 
in the refpective diftances of all the hours from 
XII, for a direct fouth dial, whofe gnomon muft 
make an angle with the plane of the dial, equal 
to the co-latitude of the place; and the hours 
muft be fet the contrary way on this dial, to 
what they are on the horizontal. 

But if your globe have more than 24 meri- 
_ dian femicircles upon it, you muft take the - 
following method for making horizontal and 
fouth dials. : | ; | 

Elevate the pole to the latitude of your place, 5 con. 
and turn the globe until any particular meridian ftrua a 
(fuppofe the firft) comes to the north point of 40rixoxal 
the horizon, ‘and the oppofite meridian will cur“ 
the horizon in the fouth. Then, fet the hour- 
index to the uppermoft XII on its circle; which 
_ done, turn the globe weftward until 15 degrees 
of the equator pafs under the brafen meridian, 
and then the hour-index will be at J, (for the fun 
moves 15.degrees every hour) and the firft meri- 
dian will cut the horizon in the number of de- 
grees from the north point, that I is diftant from - 
XI. Turn on, until other 15 degrees of the . 
equator pafs under'the brafen meridian, and the. 
hour-index will then be at II, and the firft me- 


* If the latitude be fubtra&ted from go degrees, the re- 
mainder is called the co-latitude, or complement of the 
latitude. ° | ! 


ridian 


gre 
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ridian will cut the horizon in the number of — 
degrees that II is diftant from XII: and fo, by 
making 15 degrees of the equator pafs under 
the brafen meridian for every hour, the firft me- 
ridian of the globe will cut the horizon in the 
diitances of all the hours from XII to VI, which © 
is juft go degrees; and then you need go no 
farther, for the diftances of XI, X, IX, VIII, 


- VII, and VI, in the forenoon, are the fame 


from XII, as the diftances of J, II, HI, IV, V, © 
and VI, in the afternoon: and thefe hour-lines: 


continued through the center, will give the 


oppofite hour-lines on the other half of the dial: — 
but no more of thefe lines need be drawn, than — 
what anfwer to the fun’s continuance above the 
horizon of your place on the longeft day, which _ 
may be eafily found by the 26th problem of the — 
foregoing lecture. \ a 
Thus, to make a horizontal dial for the Jati- 
tude of London, which is 514 degrees north, - 
elevate the north pole of the globe 512 degrees 
above the north point of the horizon, and then — 
turn the globe, until the firft meridian (which 
is that of London on the Englifh terreftrial 
globe) cuts the north point of the horizon, and 
fet the hour-index to XII at noon. | 
Then, turning the globe weftward until the 
index points fucceffively to I, II, II, IIII, V, 
and VI, inthe afternoon; or until 15, 30, 45, 
60, 75, and go degrees of the equator pafs under 
the brafen meridian, you will find that the firt — 
meridian of the globe cuts the horizon in the 
following numbers of degrees from the north 
towards the eaft, viz. 115, 24%, 38c5) 532, 
71+, and go ; which are the refpective diftances _ 
of the above hours from XII upon the plane of 


_ the horizon. 
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To'transfer thefe, and the reft of the hotel PlateXXI: 
to a horizontal plane, draw the parallel. richt Fig. 1. 
lines a@¢ and 4d upon that plane, as far from 
each other as is equal to the intended thicknefs 
of the gnomon or {tile of the dial, and the fpace 
included between them will | be the meridian 
or twelve o’clock line on the dial.‘ “ Crofs this . 
’ meridian at right angles with the fix o’clock line 
gh, and fetting one foot of your compafies in the 
; interfeétion a, as a center, defcribe the:quadrant 
ge with any convenient radius or opening of the 
-compaffes: then, fetting one foot in the inter-. 
fection 6, as a center, with the fame radius de- 
fcribe the quadrant f+, and divide each qua- 
_drant into go a oa aot or degrees, as in the 
figure. : 
_ “Becaufe the hour-linés are lefs diftant from 
each other about noon, than in any other part of 
the dial, it is beft- to have the centers of thefe wed 
! quadrants at a little diftance from the center of 
the dial-plane, on the fide oppofite to XII, in 
order to enlarge the hour-diftances thereabout 
under the fame : angles on the plane. Thus, the 
center‘of the plane is at C, but the centers of the 
quadrants at @ and 3. 
_ Lay a ruler over the point 2 (and keeping it — 
there for the center of all the afternoon hours in 
the quadrant fb) draw the hour-line’ of 1,’ 
through 11% degrees in the quadrant ; the hour-. 
tine of II, through 24% degrees; of I!I, through 
; 38-5 degrees ; ; Till, through 532, and V through 
erie, sand’ hema the fun rifes about four in 
the morning, on the longeft days at London, 
continue the hour-lines of IIIT and V, in the 
“afternoon, through the center 4 to the oppofite 
fide of the dial. This done, lay the ruler to the 
eect as of the quadrant eg, and through the 
se Y like 
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- like divifions or degrees of that quadrant, ‘viz. 
112, 24% 38a'x) 53%, and, 71~,, draw the fore- 


a Ae 
To con- 
firuét an 
erect fouth 
dial, 


noon hour-lines of XJ, X, IX, VIII, and VIL; 
and becaufe the fun. fets not Metre eight i in he 
evening on the Jongeit days, continue “the hour- 


lines of VIland VIII in the forenoon, through, the © 


center a, to VII and. VIII in the eftethaogus 5 and 


all the hour-lines will be finifhed en this dial ; 


to which the hours may be fet, as-in the figure. 


Laftly, through 514 .degrees of .either quad- | 


rant, and from its center, draw the right line ag 
for the hypothenufe or axis of the gnomon agi; 
and from g, let fall the perpendicular gz, upon 
the meridian line az, and there will be a triangle 


made, whofe fides .are.ag, zi, and 74.) ee a 


plate fimilar to this triangle be made as thick as 


the diftance between the lines ac and bd, and fet — 


hypothenufe @g will be paraliel to the axis of the 


upright between them, touching at ¢ and J, its. 


world, when the dial is truly fet; and will cafta | 


fhadow on the hour of the day. 

N. B. The trouble of dividing the two quad- 
rants may be faved, if you havea {cale with a 
line of chords upon it, fuch as that on the right 
hand of the plate: for if you extend .the com- 
pafles from o to 6o.degrees of the line of chords, 
and with that extent, as a radius, . defcribe, the 


two quadrants upon their refpective centers, the 


above diftances may be taken with the. com- 


pafies upon the line, and fet off upoH the quad- 


rants. 


pole to the co-latitude of your place, and pro- 


To make an ereé? direct fouth dial. Elevate the — 


ceed in all refpects as above taught for the hori-. 
ZO tal dial; from VI-in the morning to VIin~ 


the afternoon, only the hours mutt be reverfed, 


‘asin the figure ; and the hypothenule a g, of the. 
oat gnomony 


* towards the eaft or weft. Elevate the pole to the *™ 


Of Dialing: 
enomon ag f, mutt make an angle with the dial- 
plane equal to the co-latitude of the place. As 
the fun can fhine no longeron this dial, than 
from fix in the morning until fix in the evening, 
there is no occafion for having any more than 
twelve hours upon it. 


825 


To make an erect dial, declining he the Jouth To coii- 


_datitude of your place, and {crew the quadrant of ©, 


it to do at prefent) count in the horizon the 


degrees of declination, from the, eaft. point to- 
wards the north, and. bring the lower end of the 
quadrant to that degree of declination at) which 
the reckoning ends. This done, bring any par- 


ticular meridian of your globe (as fappofe the 


firft meridian) ciretly under the graduated edge 
of the upper part of the brafen meridian, and 


_ fet the hour-index to XII at noon. Then, keep- 


ing the quadrant of altitude at the degree of 


declination in the horizon, turn the globe eaft- | 


ward on its axis, and objerve the degrees cut. by 


the firft. meridian in the quadrant of. altitude 


(counted from the zenith)''as the -hour-index 
comes-to XI, X, EX, &c. in the forenoon, or as 


BF 8: 305) 455. SC. dearees of the equator pafs-under 
the brafen, meridian at thefe hours refpectively’; 


and the degrees then cut in the quadrant by the 
firft meridian, are the refpective dittanees of the 


_ forenoon hours from XIl on the plane of the 
dial.—Then, for the afternoon hours; turn the 


quadrant of altitude round the zenich until it 
“comes to the degree in the horizon oppofite to 
that where it was S placed before; namely, as far 


from the weft point of the horizon towards the 


“Youth, as it was fet at firlt from the eaft point te- 


wards the north ; and turn the globe weftward 
Y 2 on 


& ath 
rec? de- 
clining 
altitude to the zenith. Then,‘ if your dial de- gai. 


clines towards the eaft (which we fhall fuppofe 
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on its axis, until the firit meridian comes to the 
brafen meridian again, and the hour-index to 


XII: then, continue to turn the elobe weft- 
ward, and as the index points to the afternoon 


hours I, II, Il, &c. or as 15, 30, 45, &c. de- 


grees of the equator pafs under the brafen meri- 


dian, the firft meridian will cut the quadrant of 
altitude in the’ refpective number of degrees 


- from the zenith, that each of thefe hours is from 


XII on the dial.—And note, that when the firft 
meridian goes off the quadrant at the horizon, in 


the forenoon, the hour-index fhews the time » 
when the fun will come upon this dial: and — 


when it goes off the quadrant in the afternoon, 
the index: will point’ to the time when the fun 
eoes off the dial. 


Having thus found all the hour-diftances from 
XII, lay them down upon your dial-plate, either — 


by dividing a femicircle into two quadrants of © 
© degrees each (beginning at the hour-line of 


XIT) or by the line of chords, as above direéted. 

In ‘all declining dials, the line on which the 
ftile or gnomon “ftands (commonly called’ the 
febftile-line} makes an angle with the twelve 
o’clock line, and falls among the forenoon hour- 
lines, if the dial declines towards the eafty and 
among the afternoon hour-lines, when the dial 
declines’ towards the weit; that i is, to the left 
hand from the twelve o clock line in the former 
cafe, and to the right hand from it in the 
latter.” >" 


To find the diese of the fubftile foi the 


twelve o’clock line; if your dial declines from 


the fouth toward the eaft, count the degrees . 


of that declination in the horizon from the eaft 
point toward the north, and bring the lower end 


of the quadrant of altitude to that degree of © 


declination - 
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_ declination where the reckoning. ends: then, 


tutn the globe until, the firft meridian cuts the 


_ horizon in the like number. of degtees, counted 
from the fouth point toward the eaft; and the 


quadrant and firft meridian will then crofs one 


another at right angles, and the number of de. 


erees of the quadrant, which are) intercepted 
between the firft meridian, and the zenith, is 


equal to the diftance of the fubftile line from the 
_ twelve o’clock line ; and the number of degrees 


of the firft meridian, which are intercepted be- 
tween the quadrant and the north pole, is equal 


: to the elevation of the ftile above the plane of 
the dial. : 


_ forenoon hours, ,and the, diftance of the fubitile | 
from the meridian :. and for the afternoon hours, — 
bring the quadrant to the oppofite degree in the 
horizon, namely, as far from. the weft:towards 
the north, and then proceed. in_all refpeéts as 
above. . ifs Chey arl¥iet sigh ds 
) .Thus,..we have. finifhed: our declining dial; 


If the dial declines weftward from the fouth, 
count that declination from the eaft point of the 


horizon towards the fouth, and bring the quad- 
_ tant of altitude to the degree in the horizon at 


which the reckoning.ends ; both for finding the 


~and-in fo doing, we made four dialsy; vizs. >... 

-. 3. A north dial, declining eaftward -by. the 
- fame number of degrees. 2. A north dial, de- 
clining the fame number weft. 3..A fouth 


dial, declining eaft. And, 4. a fouth dial de- 
_ clining weft. Only, placing the proper number 
of hours, and the ftile or gnomon refpedtively, 
upon each plane. For (as above-mentioned) 
in the fouth-weft plane, the fubftilar-line falls 
among the afternoon hours; and _ in the fouth- 
_ alt, of the fame declination among the forenoon 


Da hours, 


ar 
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hours, “at equal diftances from XII. And fo, 


-allithe morning hours on the»weft decliner will 


be like the afternoon hours on the eaft decliner: 


the fouth:eaft decliner will’ produce the north- 


weftidecliner; and the fouth-weft decliner,- the 
north-eaft decliner, by only extending the-hour- 
tines, ftileand fubitile, quite through the center: 
the axis of the ftile(or‘edge that, caits the thadow 


onthe hour of the day)’ being in all dials what- 


An ealy 
method 
for con- 
firucting 
of dials. 


Fig. 3. | 


ever parallel to the axis of the world, and conte- 
quently: pomting towards the north ‘pole of the 


heaveay inonorth latitudes, and towards the fouth | 


pole;°in fouth latitudes... Seewore of this in a | 


following leciure. 
But bécaufe everyone who would Hike to lke 


a diab, may perhaps ‘not’be provided with a globe — 
to! amit: him; and. may: ‘probably not underitand 


the: method of doing it by logarithmic calcula-~ 


tions.we fhall thew | how: toperform it’ by the | 


plain’ dialing lines, or {tale of latitudes “and 


hours sfuch as thofe ‘on the:right hand’ of Fig. 


4.) iv Plate XCXT, (or at the top of Plate XXII, 


and whieh may be had on {eales commonly fold. 


by thejmathematicalsinftrament makers, | 
This is the eafieft of ali mechanical methods, 


ith by:much the belt: when? the lines are truly 


dividedsiv not‘only the half hours and’ quarters 
may be laid:down by-all of them, but every fifth 


minute byimoft, and every fingle minute by ” 


es where the line of hours is a ‘foot in leneth. 
»-Having:idrawn your'dovble meridian line a 4, 

ie dy on the: plane intended fora horizontal dial, | 

and croffed ic at right angles by the fix o’clock line 


fe (asin#igi1.) take the latitudeiof your place — ; 


ah the-compafles, in the feale of latitudes, and 

fetithatextent from ¢'to e, and’ frome to f, on 

the fixo’elock ne? then, taking the whole fix” 
Oe ! hours 


/ 
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hours between the points of the compafies in the 


_ fcale of hours, with that extent fet one foot in the: 


point ¢, and let the other foot fall where it will 
upon the meridian line cd, as at d. Do the fame 
from f to 4, and draw the right lines ed and fd, 
_ each of which will be equal in length to the whole 
{eale of hours.) This done, fetting one foot of 
the compaffes in the beginning of the {cale at XII, 

and extending the other to each hour on the 
{cale,. lay off thefe extents from d to e for the 
afternoon hours, and from db to f for thofe of the 
forenoon: this will divide the lines de and df 
in the fame manner as the hour-fcale is divided, 
at I, 2,°3, 4, 5 and'63 on which the quarters 


may alfo be laid down, if required. Then, lay-. - 


ing a ruler on the point c, draw the firft five 


hours in the afternoon, from that point, through 


the dots atthe numeral figures I, 2, 3, 4, 5, on 
the line de; and continue the dene of Itland V 
through the center ¢ to the other fide of the dial, 
for the like hours of the morning ; which done, 
lay the ruler on the point a, and draw the laft 
five hours in the forenoon through the dots 
‘5, 45 3, 2, 1, on the line f 2; continuing the 
hour-lines of VII and VIII through the center @ 
to the other fide of the dial, for the like hours 
of the evening 5 and fet eid hours to their re- 
- fpective lines as in the figure. ‘Laftly, make the 


‘gnomon the fame way as tauche above for the 


horizontal dial, and the whole will be finifhed. 

_» To make.an ereét fouth dial, take the co-la- 
_titude of your place from the feale of latitudes; 
and then proceed in all refpeéts for the hour- 


lines, as in the horizontal dial; only reverfing 


‘the hours, as in Fig, 2; and making the ancle 
of the ftile’s height eer to the co- latitude. 


Y 4 I have; 
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Horizon- 
tal dial, 


- OF Dialing: 


T have drawn out a fet of dialing: lines upon 
the top of the 22d Plate, large enough for mak- ~ 
ing a dial of nine inches diameter, or more — 
inches if required; and have drawn them tole- | 


rably exact for common practice, t to every quarter 


ofan hour. This fcale may be cut off from the — 


plate, and pafted on wood, or upon the infide of © 


t 


one of the boards of this book ; and then it will — 


be fomewhat more exaé than it is on the plate, 


for being rightly divided upon the copper- plate, } 


i 


and printed off on wet paper, it fhrinks as the © 


paper dries: but when: it is wetted :again, it 


{tretches to’the fame fize as when newly printed ; 


E — 


and if patted on while wet, it will remain of that — 


fize afterward, 


But left the young dialift fhould have sated 
globe nor wooden fcale, and. fhould: tear or — 
otherwife fpoil the paper one in patting, we fhall ~ 
now fhew him how -he may make a dial without ; 
any of thefe helps. . Only, if he has nota line 


of chords, he muft divide a quadrant into 90. 
. equal parts or degrees for taking the proper angle ~ 


of the ftile’s elevation, which is eafily done. 


i Fa 


With any opening of the compaffes, as ZL, ~ 


defcribe the two femicircles L F & and L ok, 


upon the centers Z and z, where the fix o’clock — 


line croffes the double meridian line, and divide — 
each femicircle into 12 equal parts, beginning at 
E (though, ftriétly fpeaking, only the quadrants 4 


from L to the fix o’clock line need be divided) : 


then. conneé& the divifions which are equidiftant: ¥ 
from L, by the parallel lines KM, ]N, HO,GP, 


and Q, Draw V Z for the hypothenufe of hid i 


ftile,. making the angle VY Z_E equal to the lati- — 
titude ofiyour place ; andcontinue the lineV Z to. 


R. Draw the line Rr parallel to the fix o’clock 
line, and fet off the. diftance @ K from Z to 7: 
3 oe oe 


«a 
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the diftance 2 I from Z to X, ¢H from, Z to WW, 


4G from Z to ZT, andeF from Z to S. ‘Then 


draw the lines S 5, Tt, Ww, Xx, and Yy, each 


parallel tGcRiras Set off the diftance y Y from a 


| - to.1i, and from fto.1; the diftance xX from } 


to ro, and from g to2; wW from ¢to 9, and 


from h to 3; ¢ 2 from d to 8, and from ta 


43; 58 from ¢ to 7, and from to 5... Then lay- 
ing a ruler to the center Z, dtaw the forenoon 


hour-lines through the points 11, 10;.9, 8, 7%: 


and laying it to die center z, draw the aS inerilcatae 
lines through the’ points 1, 2, 3, 4, 53 continu- 


ing the forenoon lines of VIT and VIII through 


- the center Z, to the oppofite fide of the dial, for 


 WilLand V through the center z, to the oppofite 


é 


the like afternoon hours; and the afternoon lived 


fide, for the like morning hours. | Set the hours 


to thefe lines as in the figure, and then erect 


the ftile or gnomon, and the horizontal dial will 
be finifhed. 
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To conftruct a fouth dial, draw the line V Z, Sours 


making an angle with the. meridian Z L ‘equal Aiale t 
“to the co-latitude of your place; and proceed in 


q all refpeéts asin the above horizontal dial for the 
fame latitude, reverfing the hours as in Fig. 2, 


and making the elevation of the gnomon equal | 


to the co-latitude. 
Perhaps it may not be unacceptable to explain 


the method of conftructing the dialing lines, and ~ 


 fome others ; which is as follows. 
With any opening of the compafies, as E A, Plate 
according to the intended length of the {cale, pall 


defcribe the circle 4D CB, and crofs it at right 


t 


angles. by the. diameters CEA and DE B. Fig. 1. 


Divide the quadrant 4B firft into:g equal parts, Dialing 

and then each part into 10; fo fhall the quadrant (or3 a. 

be divided into go equal parts. or degrees. Draw eq, 
the 


$3. 


¥ 
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the right line AFB for the chord of this‘quad~) 


rant, and fetting one footof the compafies in 


the point. 4, extend the other to the feveral divi- 
fions of the quadrant, and transfer thefe divifions: 
to the:line.//F'B by the arcs 10 10, 20 20, &c. 


and this will be a line of chords, divided into‘9o0 


unequal parts; .which, if transferred from the. 
line back again to the quadrant, will divide it 
equally. . It is plain by the ficure, that the dif 


tance from 4 to 60 in the-line of chords, ‘is juft 
equal to 4 Z, the radius of the circle’from which 
that line»is made; for if the are 60 60 be! con- 


tinued, of which / is the center, it goes exactly 


through the center Hof the are 4B. 


And therefore, in laying down any number of! 


degrees ona circle, by the line of chords, you 


mutt firft’ open the compaffes fo) as to take in 


jut 60 degrees upon that line, as from 4 to 60: 


and then, with that extent, as a radius, defcribe: 
a circle which will be exactly of the fame: fize’ 


with that from’ which the line was divided : 


which done, fet one foot of the compafies in the’ 
beginning of the chord line, asat 4; andextend © 


the other to the number of degrees you want 


upon the line, which extent, applied to the circle, 
will include the. like number of degrees upon 


It : 


Divide the quadrant C-D into 90 equal parts, 
and from each point of divifion draw richt lines,: 


as #7, k, 1, &c. tothe line CE; all perpendicular 


~ to that line, and parallel to D Ey: which will di- 


vide EC into a line of fines; and although thefe 


are feldom put among the dialing lines ona fecale, ’ 


yet they affift in drawing. the line of ‘latitudes. 


‘For, if a ruler be laid upon the point D, and: i 
over each divifion in the line of ‘fines, it’ will — 


divide the quadrant C B inyo'9q unequal: parts, 


\ 
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as Ba, ab, &c. thewn by the right lines 0 a, 
20 b, 306, &c. drawn alone the edge of the ruler. - 
It the right line BC be drawn, fubtendine this 
quadrant, and the neareft diftances B a, B b, Bey 
&c. be taken in the compafles from B, and fet 
upon this line in the fame manner as directed for. 
the line of chords, 1 it will make a line of latitudes 
BG equal in length to the line of chords Whit 
and of an equal number of divifions, but very 
unequal as to their lengths. 

Draw the right line D G J, fubtending the 
- quadrant DA; hed paralle! toi, draw the right 
line 75, touching the quadrant D A at the nume- 
ral figure 3. Divide this quadrant into fix equal 
"parts; as 1, 2, 3, ec. and through thefe points of 
divifion draw right lines from the center £ to, 
the line vs, which will divide it at the points 
‘where the fix hours are to be placed, as in the 
figure. If every fixth part of the quadrant be 
fubdivided into four equal parts, right lines 
drawn from the center through thefe points of 
divifion, and continued to the Tine r $5 will divide 
each hour upon it into quarters. 

‘In Fig. 2. we have the reprefentation of a 4 dial on 
portable dial, which may be eafily drawn on a4 card. 
‘card, and carried in a pocket-book. The lines 
ad, aband bc of the gnomon muft be cut quite 
through the card; and as the end ad of the gno- 
mon is raifed occafignally above the plane of the 
dial, it turns upon the uncut line ¢d as ona 
hinge. ‘The line dotted 4B muft be flit quite 
through the card, and the thread muft be put 
| through the flit, and have a knot tied behind, to » 
keep it from being eafily drawn out. On. the 
other end of this thread is a {mall plummet D, 
and on the middle of it a fmall bead for fhewing 

. the hour of the seye : 


To 
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. To rectify this dial, fet the thread in the 
flit ‘Fight againft the day of the month, and 
ftretch the thread from the day of the month 
over the angular point where the curve lines — 
meet at XII; then fhift the bead to that point - 
on the thread, and the dial will be reCtified, 

To find the hour of the day, raife the gnomon 
{no matter how much or how little) and hold 
the edge of the dial next the gnomon towards - 


‘the fun, fo as the uppermoft edge of the fhadow 


of the gnomon may jult cover the /hadow-line ; 
and the bead then playing freely on the face of . 
the dial, by the weight of the plummet, will 
thew the time of the day among the hour-lines, 
as it is forenoon or afternoon. ° 4 

_ To find the time of fun-rifing and fetting, 
move the thread among the hour-lines, until it 
either covers fome one of them, or lies parallel 


~ betwixt any two; and then it will cut the time 
, Of fun-rifing among the forenoon hours, and of - 


fun-fetting among the afternoon hours, on that 
day of the year for which the thread is fet in the 
icale of months. . 
To find the fun’s declination, ftretch the thread 

from the day of the month over the angular 
point at XII, and it will cut the fun’s declina- 
tion, as it is north or fouth, for that day, inthe. 
arched {cale of north and fouth declination, __ 

To find on. what days the fun enters the 


_figns: when the bead, as above rectified, moves 


along any of the curve lines which have the 


figns of the zodiac marked upon them, the fun. 


enters thofe figns on the days pointed ‘out by 
the thread in the {eale of months. va 
The conftruction of this dial is very eafy, 
efpecially if the reader compares it all alone 
: : With 
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” with Fig. 3. as he reads the following explana- 
tion of that figure. 


436 


Draw the occult line 4 B parallel to the top of Fig. 3. 


_ the card, and crofs it at right angles with the fix 
_ o'clock line ECD; then upon C, as a center, 
_ with the’radius C 4, defcribe the femicircle ZEL, 


and divide it into r2 equal parts (beginning at 


_ A) as Ar, As, &c. and from thefe points of 


divifion, draw the hour-lines r,s, t, 4, v, E, w, 
and x, all parallel to the fix o’clock line E C. 


Tf each part of the femicircle be fubdivided into 
four equal parts, they will give the half-hour 
~ lines and quarters, as in Fig. 2. Draw the right 
_ line 4S Do, making the angle § 4B equal to the 


latitude of your place. Upon the center 4 de- 


_ feribe the arch RS 7, and fet off upon it the arcs 
_S Rand ST, each equal to 234 degrees, for the 
 fun’s greateft declination ; and divide them into 


~ Nt Se 


_ 23% equal parts, as in Fig. 2. Through the 
_ interfection D of the lines EC D and ADo, 


_ draw the right line P DG at right angles to 
4Do. Lay arulerto the points 4 and R, and 
draw the line 4 RF through 231 degrees of 


_ fouth declination in the arc §R; and then lay- 


_ ing the ruler to the points Zand Z, draw the line 


_ ATG through 23% degrees of north declination 


ree 
a 


inthe arc SZ: fo fhall the lines_4 R F and 
ATG cut the line # DG in the proper length 
for the fcale of months. Upon the center D, 
with the radius DF, defcribe the femicirele 
_FoG; and divide it into fix equal parts, Fm, 
mn, no, &c. and'from thefe points of divifion 
draw the right lines mh, ni, pk, and qi, each 
“parallel too D. Then. fetting one foot of the 
" compafies in the point F, extend the other to 4, 
_ and defcribe the arc 4 zH for the tropic of py : 
_ with the fame extent, fetting one foot in G, de- 
ee wee icribe 


he 
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feribe the arc 4 ZO for the tropic of 3. Next 


fetting oné foot in the point 4, and. extending 
the other to 4, deferibe the arc 4CI forthe 
beginnings of the figns z and  ; and with thé: 


fame extent, fetting one foot in’ the point 2, des 
feribe the arc 4 for the beginnings of the 


ficns a and 9. Set one foot in the point z, and 
having extended the other to A, detcribe the arc 


_ AK for the beginnings of the figns % and m 3 


and with the ‘ate extent, fet one foot in &, and 


defcribe the arc 4 M for the beginnings of the 


figns x and m. ‘hens. fetting one foot in the 


' point D, and extending the other to 4, defcribe 
the curve 4 Z for the beginnings of y and *; 


and the figns will be finifhed. | This done, lay.a 
ruler from the point 4 over the fun’s declination 
inthe arch RST (found by the following table) 
for every fifth day of the year; and where the 


ruler cuts the line F. DG, make marks; and. 


place the days of the months right againft thefe’ 


marks, in the manner fhewn by Fig, 2, ~ haftly, 
draw the fhadow-line P ® parallel to. the occult 


line 4B; make the gnomon, and fet thé hours: 


to their refpettive lines, as in Fig. 2. and the bial 
will be finifhed: 
There are feveral kinds of Gales whic ‘are 


called univerfal, becaufe they ferve for all. lati-, 
tudes. Of thefe, the beft one that,I know, :is, 
Mr. Pardie’s, which confis of three. principal: 


parts; the firft wheteof is called the;borizontal 


... plane (A), becaufe in the practice it muft be pa- 


rallel to, the horizon. In ‘this plane is. xt an 


upright pin, which enters into the edge of the + 
degong part BD, called the meridional planes. 


which is made of two pieces, the loweft whereof 
(B).1s called the quadrant, becaufe it contains a 
quarter of a.circle; divided into 90 degrees; and 


‘ 


it 


OS Se 
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Avis only intothis part, near B, that the pin enters. 


The other piece is a femicircle (D) adjufted to the 
‘quadrant, and turning in it by a groove, for railing 


4a or deprefiing thediameter (£ #) of the femicircle, 


_. which.diameter‘is called the axis of the inftru- ° 


ment, The third piece is a circle (G), divided 
on both fides into 24 equal parts, which are the 
hours, This. circle is put upon the meridional 
plane fo, that the axis (£ F) may be perpendicu- 
lar to the circle; and the point C be the com- 
mon center of the circle, femicircle, and quad- 
rant... The ftraight edge, of the femicircle is 
chamfered on. both fides to a fharp edge, which 
paffes through the center of the circle. On one 


_ dide of the chamfered. part, the firft fix months 


of the year are laid down, according to the fun’s 


_ declination for their refpective days, and on the 


other, fide the laft Gx months. And againft the 
days on which the fun enters the figns, there are 
{traight lines.drawn upon the femicircle, with the 
characters. of the figns marked upon them. 
‘There is a black line drawn along the middle of 


_ the upright edge of the quadrant, over which 


hangs a thread (#1), with its plummet (J), for 
levelling the inftrument. NV. B. From the 23d 
of September to the 20th of March, the upper 


 furface of the circle mutt touch both the center 


_ Cof-the femicircle, and the line of v and « ; 


and from the 20th of March to the 23d of Sep. 


tember, the lower furface of the circle mutt 
~ touch that center and line. 


To findjthe time of the day by this dial. Hav- 


_ ing fet it on a level place in fun-fhine, and ad- 


Se + 


_ jufted.it by the leveling fcrews & and J, until the 


plumb-line hangs.over the black line upon the 
edge of, the quadrant, and parallel to. the faid 


' edge; move the femicircle in the quadrant, until — 


Badia the 
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the line of v and = (where thé circle touches) 


comes to the latitude of your place in the quad- 
rant: then, turn the whole meridional plane 


- BD, with its circle G, upon the horizontal plane | 
A, until the edge of the fhadow of the circle - 


falls precifely on the day of the month in the 
femicitcle ; and then, the meridional plane will 
be due north and fouth, the axis E F will be 


parallel to the axis of the world, and will caft a 
{hadow upon the true time of the day, among 


the hours on the circle. : | 
N. B. As, when the inftrument is thus recti- 
fied, the quadrant and femicircle are in the plane 


fi 


of the meridian, fo the circle is then in the plane _ 


of the equinoétial. Therefore, as the fun is above 


the equinoctial in fummer (in northern latitudes) 


and below it in winter; the axis of the femi-— 


circle will caft a fhadow on the hour of the day, 
on the upper furface of the circle, from the 2oth 
of March to the 23d of September: and-from 
the 23d of September, to the 20th of March, 
tne hour of the day will be determined by the 


fhadow of the femicircle, upon the lower furface — 


of the circle. In the former cafe, the fhadow of — 


the circle falls upon the day of the month, on 
the lower part of the diameter of the femicircle ; 
and in the latter cafe, on the upper part. ~— 


The method of laying down the months and. 
fions upon the femicircle, is as‘follows.. Draw — 


the right line 4C B, equal tothe diameter of the 


femicircle 4D.B, and crofs it in the middle at - 


right angles with the line CD, equal in length 


to 4D'B; then EC will be the radius of the _ 
circle FCG, ‘which is the fame as that of the > 


femicircle.. Upon EF, as a center, defcribe the 


circle FCG, on which fet’ off the ares C band ~ 


Ci, each equal to 235 degrees, and divide them 


accordingly into that number, for the fun’s de- 


clination. - 


4 
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clination. Then, laying the edge of a tulef 


over the center F, and alfo over the fun’s declia 


nation for every * fifth day of each month (as in 
the card dial) mark the points on the diameter 
4B of the femicircle from a to g, which are cut 


by the ruler; and there place the days of the 


months accordingly, anfwering the fun’s declina- 
tion, This done, fetting one foot of the com- 
paffes in C, and extending the other to a or £> 
defcribe the femicircle abcd efg; which divide 
into fix equal] parts, and through the points of 
divifion draw right lines, parallel to C D, for the 
beginning of the fines (of which one half are on 


one fide of the femicircle, and the other half on 


the other fide) and fet the characters of the figns 
to their proper lines, as in the figure. vi 
The following table fhews the fun’s place and 


declination, in degrees and minutes, at the noon 
_of every day of the fecond year after leap-year ; 


which is a mean between thofe of leap-year it- 


felf, and the firft and third years after. It is 


ufeful for infcribing the months and their days 


on fun-dials; and alfo for finding the latitudes 


of places, according to the methods prefcribed 


after the table. 


* The intermediate days may be drawn in by hand, if 


the fpace be large enough to contain them. 


Eire = as 
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4o ni ables of the Sun's Place and Declination: 


A Table fhewing the fan’s place and declination. 
January. ~ February. 
V pans Pl, [Sun’s Dec. O [Sun's Pl. [Suns Dec. 
<\D..M|D. M\{e (Do M.| D. OM, 
Wa typo gh 29S appr? & 38) 27 Sap gy 
6} 22° Sst) 21g 39) TO" aay 
Bing Oo Sfozatiigg Strge yop 16+ 2 
O22) 494s ya} 16" 220r 4 
515) YO} 22° 37)) 5i16 grt as 5i} 
616. rif 22 2of| 6lr7 421-45 33) | 


291.9 35) 17 53} \in thefe Tables N fig-[ 
3oj10 36) 17 36) | nifies north declina- 
| erates 37, 17. toh}. tion, and S fouth. 


A Table 
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Tables of the Sun’s Place and Declination. 34k 
March. . Apely 
in’s Pl. | Sun’s Dec. ~ Sun’s Pl. |Sun’s Dec. 


3|D..M.} D. M. 


zy 
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Lables of the Sun’s Place and Declination. 

A Table fhewing the fun’s place and-declination. _ 
May. June. ~ 

(Sun's Pl. {Suns Dec. | 
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A Table fhewing the fun’s place and declination. 
nn Ee A et eC eae a et ee te Co eee 


Augutt. 
©} 5un’s Pi. |Sun’s Dec, 
D. M.| D. M.] 
8258) 18N 2 
GAS Sp Te 47 
PO San Tae 


Sun’s P!. [|[Sun’s Dec. 
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10 4 
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Tables of the Sun's Place and Declinativin. 


Oe Table thewing the fun’s place z and declination: 
September. Oétober, 
)Sun’s Pl. jSun’s Dec. | 
Dey Mia -D.. Mt 
8 hag 8 Nr6 
De 4et 7 E55 
10. 46). 7. 33 
Tr 44) 7. 10 
12-4 aherOe 4s 
13.40], 6 
14%430f. 0 
Lox iehe Oo 
5 
4 


16° 35}.. 
rr (34 


18 32,6453 
PO aithe tos 
12/20, 20h.’ 3") 401 
$7121. OA. dm 22 
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Tables of the Sun's Place and Dechsation. 


A Table fhewing the fun’s place and declination. 


Noveinber, December. 
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Rules for finding the Latitude. | 


To fud the latitude of any place by obfervation. ~ . 


The latitude of any place is equal to the 
elevation of the pole above the horizon of that — 
place. Therefore it is plain, that if a ftar was 
fixt in the pole, there would be nothing re- 
quired to find; the latitude, but to take the al- 


_titude of that ftar with a good inftrument.. But 


although there is no ftar in the pole; yet the 
latitude. may be found by taking the greateft 
and leaft altitude of any ftar that never fets: for 
if half the difference between thefe altitudes be 
added to the leaft altitude, or fubtraéted from 
the greateft, the fum-or remainder will be equal 
to the altitude of the pole at the place of obfer- 
vation. &"'/¥" gees ig Shy ag f 
But becaufe the length of the night mutt be 
more than 12 “hours, ‘in order to have two fuch 
obfervations ; the fun’s meridian altitude and 
declination are generally made ufe of for finding 
the latitude, by means of its complement, which 
is equal'to the elevation of the equinodtial above 
the horizon; and if this complement be fub- . 
tracted from go degrees, the remainder will be 
the Jacitude : concerning which, I think, the fol- 
lowing rules.take in all the various cafes, 0 << 
1. If the fun has north declination, and is.on 
the meridian, and to the fouth of your place, . 
fubtraét the declination from the meridian alti- 
tude (taken by a good quadrant) and the re- 
mainder js the height of the-equinoétial or com; 
plement of the latitude north, | | | 


EXAM. 


# 
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S fe The fun’s meridian altitude 42° 20°. South 
_ suppo } And his declination, fubt.. 10 .15 North 


Ce tee 


Rem. the complement of the lat. 32 5 
Which fubrract from -— — 90 oO 


And the remainder is the latitude 57 55 North 


a. Vf-the fun Hat fouth declination, aetai is 

~ fouthward of your place at noon, add the de- 

- clination: to the meridian altitude; the fum, if 

lefs tham go deerees,- is the complement of the 

latitude north: but if the fum exceeds go de- 

/ grees, the latitude is-fouth; and if go be taken 

from that fum, the remainder will be the la- 
titude, 


PoMCACM PL. ES: 


_ The fun’s meridian altitude — 65° 10° South 
The fun’s declination, add — 15 30 South 

_ Complement of the latitude _ 80 4o 

— Subtract from ~— — 90 0 


Remains the latitude = — 9g 20 North 
whe fun’s meridian altitude 80° 40° South 
The fun’s declination, add — 20 10 South 
The fumis - - - -\100 50 
_ From which bine shite) foe peda 


Remains the latitude — — 10 50 Sant 
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3. If the fun has north declination and is on 
the meridian north of your place, add the decli- 
nation to the north meridian altitude; the fum, 
if lefs than go degrees, is the complement of 
the latitude fouth: but if the fum is more than 
go degrees, fubtract ‘go’ from’ it, and the re- 
mainder is the latitude north, 


EXAMPLES. 


| Sun’ S Mepis fb altitude 
Sun’s declination, add 


Com plement of the latitude | 


Subtract from +94.4 


Ticks na the latitude 


Sun’s declination, add 3 


The fumis - - 
From which faberagt 


Remains ai tatitade: 


Sun’s meridian altitude | 


= 
4 


= 


60° 30° North 


20 


10 North 


80 40... 


- 


Or! 
: 


9 20 Sout 


22)' 26 


 geraemarearone 


- 
* 


er ad 


=. 93 49. 
ae 


“40° ie ote 


North! 


~ 


bn 42, North, 


4. If the fun has fouth 4 Ted and is gery 
ma your place at noon, fubtraét’the declination — 
from the north meridian altitude, and the re; _ 
mainder. is the complement.of the Tarionde 


fouth. 


EXAM: 
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EXAMPLE, 


~ Sun’s meridian altitude - - 50° 30° North. 
 Sun’s declination, fubtratt - “20° 10 South 


Complement.of the latitude - 32 20 
> Subtraét this from -- = - 7 99, 90 | 
t "9 sl fad Joe 


And the remainder is the latitude 57 40 South, 


_s, If the fun has no declination, and is fouth 

of your place at noon, the meridian altitude Is 

the complement of the latitude north: but if 

the fun. be then north of your place, his meri- 

- dian altitude is the complement of the latitude 
+ fouth. . re hss . 


eg Te ee 


4 Sun’s meridian altitude -  - 38° 30° South 
Subtract from ;- = = 7) 90. 0 


Remains the latitude - «= si 30 North. 


Sun’s meridian altitude 38° 30° North - 
S Subtract from nn = t+ ecit7 90.1 2 Sia 


Remains the latitude - “ 51 30 South. 


6. If you obferve the fun beneath the pole, 

 fabtraét his declination from go degrees, and 

add the remainder to his altitude; and the fum 
is the latitude. echt Oe 4 


i 


\ 
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EXAMPLE 


Sun’s declination - - -- + 20° 30 


_ Subtraét from - - - - = go 0o 
Remains. °° - = - 69 30 
Sun’s altitude below the Bole - 10 20 badd 


|The fum is the latitude tah eee 


Which i is north or fouth, according as the fun’s 
declination is north or fouth : for when’ the fun — 
has fouth declination, he is never feen below 
the north pole; nor ‘is he ever feen below the © 
fouth pole, when his declination is north. . 

7. If the fun be in the zenith at noon, and at 
the fame time has no declination, you are then 
under the equinoétial, and fo have no lati- 
Tan . a 
. If the fun be in the zenith at ngon, and 
aa declination, the declination is equal to the 
laticode, north or fouth. Thefe two cafes are, 
lo ee that they haben no examples, 


tod UR 24 G T XY. 
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4 AVING fhewn in the’ preceding aire 
I ‘ture how to make fun-dials by the affift, 
ance of a good globe, or of a dialing fcale, we 
fhall now proceed to the method of conttr ucting © 
dials arithmetically ; which will be more agree- — 
able to thole who have learnt the elements of 

trigo- 


85M RE 
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trigonometry, becaufe globes and {cales can 
- never be fo accurate as the logarithms, in find- 


ing the angular diftances of the hours. Yet, as 
a globe may be found exact enough for. fome 
other requifites in dialing, we fhall take it in 
occafionally. AK 

The conftruction of fun-dials on all planes 
whatever, may be included in one general rule : 
intelligible, if that of a horizontal dial for any 
given latitude be well underftood, For there is 
no plane, however obliquely fituated with re- 
fpect to any given place, but what is parallel 
to the horizon of fome other place; and there- 
fore, if we’can find that other place by a pro- 


blem on the terreftrial globe, or by a trigonome- 


trical calculation, and conftruct a hortzontal dial 


for it; that dial, applied to the plane where it is 


to ferve, -will be a true dial for that place.—Thus, 
an erect direct fouth dial in 514 degrees north 


-Jatitude, would be a horizontal dial on the fame 


meridian, go degrees fouthward of 51, degrees 
north latitude; which falls in with 382 degrees 
of fouth latitude. But if the upright plane de- 


’ clines from facing the fouth at the given place, 


it would ftill be a horizontal plane go degrees 
from that place; but for a different longitude: 


' which would alter the reckoning of the hours 


accordingly. 
©. ho. ET 


1. Let us fuppofe that an upright plane at 


London declines 36 degrees weltward from 


facing the fouth; and that it is required to find 
a place on the globe, to whofe horizon the faid 


plane is parallel ; and alfo the difference of longi- 
_ tude between London and that place. - 


~ Rettify 
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Rettify the globe to the latitude of Lends, 
and bring London to the zenith under the brafs 


v) 


meridian, then that point of the globe which lies ~ 


in the horizon at the given degree of declination 


(counted weftward from tie fouth point of the 


horizon) is the place at which the above-men- 
tioned plane would be horizontal.—Now, to 
find the laticude and longitude of that place, 


keep your eye upon the place, and turn the 


lobe eaftward, until it comes under the gradu- 


‘ated edge of the brafs meridian; then, the de+ 


gree of the brafs meridian that ftands direétly 
over the place, is its latitude ; and the number 
of degrees in the equator, which are intercepted 
between the meridian of London and the brafs 
meridian, is the place’s difference of longitude. 
Thus, as the latitude of London is 514 de- 
grees north, and the declination of the place is 


4 


5 


36 degrees welt ; I elevate the north pole 513, 


degrees above the horizon, and turn the globe — 


until London comes to the zenith, or under the 
eraduated edge of the meridian ; then, I count 
36 degrees on the horizon weftward from the 


fouth point, and make a mark on that place of _ 


the globe over which the reckoning ends, and 


bringing the mark under the graduated edge © 
of the brafs meridian, I find it to be under 30% © 


degrees in fouth latitude: keepingitthere,] count — 


in the equator the number of degrees between 


the meridian of London and the brafen meridian 


(which now becomes the meridian of the required 


place) and find it to be 423. Therefore an — 
upright plane at London, declining 36 degrees — 


weltward from the fouth, would be a korioaeae 


plane at that place, whofe latitude is 30+ degrees. 


weit of the meridian of London. » 
| 4 Which 


fouth of the equator, and longitude 422 degrees’ 
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} Which difference of longitude being ‘con- 
> Werted into time, is 2 hours 51 minutes. 

.. The vertical dial declining weftward 36 de- 
erees at London, is therefore to be drawn in all 


he hours is to anticipate the reckoning on the 
horizontal dial, by 2 hours 51 minutes: for fo 


of London, than to the meridian of any place 
_ whofe'longitude is 423 degrees weft from Lon- 
don. ie 

2. But to be more exact than the globe will 
_ fhew us, we fhall ufe a little trigonometry. 


refpects as a horizontal dial for fouth latitude . 
20+. degrees; fave only, that the reckoning of 


much fooner will the fun come to the meridian ~ 


953 


Let NESW be the horizon of London, Plate = 


_ whofe zenith is Z, and P the north pole of the 
_ fphere ; and let 24 be the pofition of a vertical 
plane at Z, declining weftward from S (the 
" Fsuth) by an angle of 36 degrees; on which 
"plane an erect dial for London at Z is to ‘be 
_ defcribed, Make the femidiameter Z D perpen- 
- dicular to Z 4, and it will cut the-horizon in D, 
‘in the tangent HD, touching the {phere in D, 
_ will be parallel to the plane 24; and the axis of 
the fphere will be equally inclined to both thefe 
lanes. | a | 
. LetWQ.E be the equinoétial, whofe eleva- 
tion above the horizon of Z (London) is 38; 
degrees; and PRD be the meridian -of the 
place D, cutting the equinoctialin R. ‘Then, 


_ 36 degrees weft of the fouth §. Then, a plane) 


XXIII. 


B- le 


it is evident, that the arc R D is the latitude of. 


the place D (where the plane Z & would be hori- 


zontal) and the arc RQ is the difference of _ 


’ longitude of the planes Z and DH. - 
In the fpherical triangle 7D R, the arc WD 
iS given, for it is the complement of the plane's 


2 decli- 


“ 
~ 
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declination from § the fouth; which eomple- 


ment 1s 54° (viz. go°—36°:) the angle at_.R, 
in which the meridian of the place D cuts the 
equator, is a right angle; and the angle RW D 
meafures the elevation of the equinoétial above 


the horizon of Z, namely, 382 degrees. Say 


therefore, as radius is to the co-fine of the 
plane’s declination from the fouth, fo is the co- 
fine of the latitude of Z to the fine of RD. the 


~ Jatitude of D: which is of a different denomi- 


nation from the latitude of Z, becaufe Zand D 
are on diferent fides of the equator. 


AS radius =.) oe pe ae ye CORRES 
To co-fine 36° 0 = RQ 9.90796 
So co-line 51° 30 =9Z.. 9.79415 


To fine 30° I4=DR (9.70211) = 


the laticude of D, whofe horizon is parallel to 


the vertical plane Z d at Z. ° 


N. B. When radius is made the firft term, it 
may be omitted, and then, by fubtracting it 


mentally from the fum of the other two, the — 


operation will be fhortened. Thus, in the pre- 
fent cafe, 


To the logarithmic fine of 7 R=* 54° 0° 9.90706 
Add the logarithmic fine of R D= + 38° 30° 9.79415 


Their fum — radius - = - - 9.70211 
gives the fame folution as above. And we fhall | 
Keep to this method in the following part of the © 


work, 


-® "The cofine of 36° 6, or of RO, 
+ The co-fine of 51° 30°, or of 2 Z, 


Pee op rs 
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© "To find “the” difference ‘of ‘longirudé Of the 


_ places'D' and Z, fay; as radius is to the co-fine . 


of 38% degrees, the height of the equinodtial at 
' Z, io is the co-tangent of 36 degrees, the plane’s 
declination; to the co.tangent of the difference 
of longitudes. 'Thus,: sarees 

“ry wn ae | hi 


To the logarithmic fine of * Lh eed 9.89354 
Add the logarithmic tang. of $ 54° 0° 10.13874 


* Their fum—radius’ =)" - °- 1.03228 
is the neareft tangent of 49° 8°=WR; which 
isthe. cotangent ‘of 42° '52""= R 9, the dif- 
ference of longitude fought. Which difference, 
being reduced to time, is 2 hours 51+ minutes. 

3. And thus having found the exaé latitude 
_ and longitude of the place ‘D, to whofe horizon 
the vertical plane at Z is parallel, we hall pro: 
ceed to the conftruction of a horizontal dial for 
the place D,~ whofe latitude is 30° 14’ fouth: 


but anticipating the time at D by 2 hours 51 


“minutes (neglecting the + minute in practice) 
_becaufe D is fo far weftward in longitude from 
‘the meridian of London; and this will be a 
true vertical dial at London, declining weftward 


96 degrees. : | 


S55. 


_~ Affame‘any right line C$ Z for the fubftile Fig. 2. 


of the dial; and make the angle KC P equal to 
_ the’latitude of the place (viz. 30° 14’) to whofe 
horizon the ‘plane of the dial is parallel; ‘then 
.C R P willbe the axis of the ftile, or edge that 
-tafts the fhadow onthe hours of the day, in the 
dial. ° This done, draw the contingent line EQ, 
cutting the fu bftilar: line at right anoles in K; 


"0* "The co-fine of 38° 36", or of WD R289 9 
Sot The costangent of 36%, ioref D2) 2. fia 


Aa | and» 
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_and from K make K R perpendicular to the axis 


CRP. Then KG(=K R) being made radius, — 
that is, equal to the chord of 60° or tangent of ~ 


45° on a good fector, take 42° 52° (the differ- 
ence of longitude of the places Z and D) from 


‘ 


the tangents, and having fet it from Kto M, © 


- draw C M for the hour-line of XIJ. Take KN ~ 


equal to the tangent of an angle lefs by 15 © 
degrees than K M; that is, the tangent 27° 52’5 — 


line of I. The tangent of 12° 52° (which is 
15° lets than 27° 52°) fet off the fame way, will 


and through the point N draw C N for the hour- — 


give a point between K and N, through which ~ 
the hour-line of II is to be drawn. The tan- — 


gent of 2° 8° (the difference between 45° and — 


42° 52) placed on the other fide of CL, will | 
determine the point through which the hour-line ~ 
of [II is to be drawn: to which 2° 8’, if the 
tangent of 15° be added, it will make 17° 8’; © 


and this fet off from K towards Q_on the line 
E Q, will give the point for the hour-line of 


lines aré drawn the fame way, by the continual 
addition of the tangents 15°, 30°, 45°, &c. to. 


42° 52° (=the tangent of K M) for the hours 


of XI, X, IX, &c. as far as neceffary ; that is, 
until there be five hours on each fide of the- 


JIL: and fo of the reft.—The forenoon hour- — 


fubftile. The fixth hour, accounted from that 
hour or part of the hour on which the fubftile © 


falls, will be always in a line perpendicular to 
the fubftile, and drawn through the center C. 


4. In all erect dials, C M4, the hour-line of - 
“XII, is perpendicular to the horizon of the 


place for which the dial is to ferve: for that 
line is the interfection of a vertical plane with 


the plane ef the meridian of the place, both — 
which are perpendicular. to the plane of the — 


horizon 3 


_ Of Dialing. 
horizon: and any line HO, or ho, perpendi- 
cular toC M, will be a iékioonell line on the 
plane of the dial, along which line the hours 
_ may be numbered; and C MM being fet perpen- 


_ dicular to the horizon, the dial will have its true 


pofition. - 


Blt the plane of the dial had declined by an 


equal angle toward the eaft, its defcription would 
- have differed only in this, that the hour-line of 
XII would have fallen on the other fide of the 
fubftile CZ, and the line H O would have a 
- fubcontrary pofition to what it has in this 
figure. 
"6. And thefe two dials, ee the upper points 
of their ftiles turned toward the north- pole, will 
ferve for the other two planes parallel to.them ; 
_ the one declining from the north toward the 
eaft, and the other from the north toward the 
weft, bythe fame quantity of angle. The like 
Holds true of all dials in oeneral, whatever be 
their declination and obliquity of their planes ta 
| the horizon. | 


CASE IL 
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om SE the plane of ‘tie dial not only declines, Fig. 34 


but alfo reciines, or inclines. Suppofe its declina- 
tion from fronting the fouth $ be equal to the arc 
SD on the horizon ; ; and its reclination be 
equal to the arc Dd of the verticle circle DZ: 
then it is plain, that if the quadrant of altitude 
ZdD, onthe globe, cuts the point D in the 
horizon, and the reclination is counted upon the 
quadrant from D to d; the interfection of the 
-hour-circle P R d, wih the equinoctial YW 2 EF, 
will determine R d, the latitude of the place d, 
Aa2 whofe 
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” 9a eat oa i ele 


ndshod: 


whofe horizon is parallel to the given nlaneZ hats 


Zs; and R Q-will be the difference in, edie 


of the planes at dand Z. 05 ; ‘nent | 
» Trigonometrically thus :aclet.a ereat citcle,, — 
pafs through the three points W, d, BE; andany 


the triangle Dd, right-angled at D, the fides 
WD and Dd are givens, alt thence the angle , 


DW dis found, and fo is the hy pothenule: Wd 


Again, : the: diffebenehy or the: fum, of DW dad 


and. D WR, the elevation: of the. equinoctial : | 


above the hofizon of Z, givesthe angledW.R 5: 


and the hypothenufe of one triangle W R d- vee : 


juft now found ; wlhience the fides RdandWR 


aré found, the forniiet being the latitude of the, 


placed, andthe latter the complement of. R Ry! 
thé difference of longitude fought. 

Thus, if the latitude of the place Z be: 52° 10% 
north; the declination’ SD. of the plane Z 


(which-would be horizontal at 4d) be 36°, and! — 


the reclination ‘be; 15°," or equal tothe arc Dds: 
the fouth latitude of the place d, that is, the; 
arc Rd, will be 15° 9°; and RQ, the diffe- 


“rence of the longitude, 36° 2. From thefe 


data, therefore, Tet the didl (Fie. 4.) be de- 
{cribed, as in the former example. 


_ 8. Qplyta itis to be obferved,; that in the re- — 


clining or inclining dials, the horizontal line’ 
will not ftand at right angles to the hour-line of 
XUly asin erect: dials 5 but» its pofition may: be: 
found as follows. 


To the common Galatta Ime CK at ony — 


which the dial for the ‘place d was defcribedy. 
draw the; dial C r p m12 for the place D, whofe! — 


declination 1s the farne as that of d (viz. the are) 


§ D3) and-H0, perpendicular to C m, the -hour-| — 


—Jine of Xion this dial, will be a herizontal line 
on the dial CP RM XI. .For the declination ” 


of 


Of. Dialing. eo 
_of both. dials. being the fame, the horizontal line’ 
“yemains parallel to ittelf,. while the ereét pofition 
\ of one, diali§ reclined of inclined with refpect to 
‘the. pofitioh of the other. - 

Or, the > pofi tion of che‘dial. may be found by 
‘applying it to its plane, fo’ as to mark the true 
‘hour of the day by the fun,‘as fhewn by another 
‘dial’; “or by a clock, regulated by” a tre meti- 
dian ‘Vine and equation table. 

° 9; “Phere are {everal other things vaaille 3 in 
“the practice of ‘dialing’; the chief ‘of which I 
thalt give in the form of arithmetical’ rules, 
fimple and eafy to thofe who have learnt the ele- 
‘ments of trigonometry. For in practical arts of 
this’kind, arithmetic fhould ‘be’ ufed as far as 
‘it can go; and fcales never trufted to, .except in 
“the fi al conftruction, where they are abfolutely 
eae in laying down the calculated hour- 
“diftahces on the plane “of the ‘dial. “And al- 
_ though the inimitable artifts- of this metropolis 

_have.no occafion for fuch inftructions, yet,they 

“may be of fomé ufe to fludents, and to private 
“gentlemen, who amufe themfelyes this 1 way, 


wk i? 
@ PLS 


2B UsdBs Lp 


off @ jd. He nes desbiteb oe Rakion an “ony jit 
peep make sn th a yunfile, fOUBI3¢ 


| To the Iepait iii Give ben the: aiven x Huteude, 

_ or-of the: ftile’s elevation above the ‘plane of the 
‘dial: add the logarithmic tangent ‘of the*hour 
+ diftance shige the one tee or from the 


SOL 


+ Thats is, of 15) 30 ret 168: 75°, for the hours ee I, 

. TI, 1, Il, V in’ the afternoon’: ‘and XI, X, Ix, Vill, 
i VII in the forenoon, ~~ Be ce ea: 

Ya ae _ fub- 
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+ fubftile; and the fum minus radius will be the | 


logarithmic tangent of the anglefought. 
For, in Fig. 2. KC is to KM in the ratio 


.compounded of the ratio of KC to K G(=K R) 


_didd the logarithmic tang. of 15° 0 9.42805 


+ 


and of KG to KM; which, making CK the 
radius, 10,@0C000, or 10,0000, or 10, OF I, 
are the ratio of 10,0c@000, or of 10,0000, oF. 
of 10, orof 1, tokKGxK™. 


Thus, in a horizontal dial, for latitude — 


the forenoon, or I in the afternoon, from XII. 


To the logarithmic fine of 51° 30’ 9.89354 f 


= 


. The fum—radius is - - - 9.32159 


the logarithmic tangent of 11° 50, or of the 


_angle which the hour-line of XI or I makes 


with the hour of XH. A 


~ 


And by computing in this manner, with the 


fine of the latitude, and the tangents of 30, 


45, 60, and 75°, for the hours of Il, III, TI, 
and V in the afternoon; or of X, IX, VIII, 
and VII in the forenoon; you will find their 
angular diftances from XII to be 24° 18, 38° 35 


53° 355 and 71° 6; which are all. that there 


1s occafion to compute for.-——And thefe dif- _ 


tances may be fet off from XII by a line of 


chords ;. or rather; -by taking 1000 from a fcale - 


of equal parts, and fetting that extent as a-ra- 


dius from C to XII; and then, taking. 209 of © 


+ In all horizontal! dials, the ereé&t north or fouth dials, 
the fubftile and meridian are the fame: but ip all declining 
dials, the fubftile line makes an angle with the meridian. 
_ 4 In which cafe, the radius ( K is {uppofed to be divided 
Inte 1g0cc00 equal parts. eS har : 


the 


— 


~ - 


61° 30, to find the angular diftance of XI in 
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the fame parts (which, in the tables, are the 
natural tangent of 11° 50) and fetting them 
from XII to XI and to I, on the line 4, which Fig, 2, 
is perpendicular to € XII: and fo for the reft of 
the hour-lines which, in the table of natural 
tangents, againft the above diftances, are 451, 
782, 1355, and 2920, of fuch equal parts from 
XII, as the radius C XII contains 1000. And 
laftly, fet off 1257 (the natural tangent of 51° 
30) for the angle of the ftile’s height, which is 
equal to the latitude of the place. 

The reafon why I prefer the ufe of the tabu- 

Jar numbers, and of a f{cale decimally divided, 
to that of the line of chords, is becaufe there is 
the Jeaft chance of miftake and error in this way 5, 
and likewife, becaufe in fome cafes it gives us 
the advantage of a zonius divifion, 

In the univerfal ring-dial, for inftance,: the 
divifions on the. axis are the tangents of .the 
angles, of the fun’s declination placed on either 
fide of the center. But inftead of laying them 
down from a line of tangents, I would make a 
feale. of equal parts, whereof 10009 fhould an- 

{wer exaétly to the length of the femi-axis, from _ 

the center to the infide of the equinoctial ring, 

and then lay down 434 of thefe parts toward 

each end from the center, which would limit all 

the divifions on the axis, becaule 434 are the 

natural tangent of 23° 29: And thus, by a 

_ nonius affixed to the fliding piece, and taking 

the fun’s: declination from an Ephemeris, and 

the tangent of that declination from the table of 

natural tangents, the flider might be always feg 

true to within two minutes of a degree. 

And this feale of 434 equal parts might be 

placed right againft the 234 degrees of the fun’s 

declination, on the axis, inftead of the fun’s 
BR 4 place, 


. Fig. 3. 
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pplace,. which , is sthere. of very little ufe.. For 


‘then, the flider, might be fet in the, ufual, Ways 
.. to the day of the month, for common: ule ;.but 
ro che .natural tangent of the Aeclinasiode when 4 


ieteat accuLacy.4s required, 


o" 


. The. like may be, done, wherever a. Bia of 


fines or rangens is reavired @ on any HED | 


f ‘> y - 
i : . P 
Piney 4 ay w a h > | io i ap x4 " 4 iS I” 


>RU LE Bo Ty, dvack (ot 


f. be: Liket i of infact the fun's celiaatieh rand: 


_bischour diftance from the meridian, -being piven 5 

ab $0" ge (4+) his i tibueda: is bz. ) si net 43 
9 digel-orda 
4 ¥gh ‘Let d be- on fon? S lunes d R vhs dni 
nation ; and in'the triangle P Zd, Pdthefum) 
or ‘the: ‘difference, of d R, and the quadrant PR, 
being ‘given by the fuppofition, ‘as alfo the com 


plement of the latitude P°Z, and ‘the angle | 


#P' Z, which meafures' the horary diftance of d 
frotty the: ‘meridian 3 we fhalk (by Cafe aycof 
Keill’s Oblique fpheric Trigonometry) find ithe 
bafe'Z d,’ which is the fun’s diftance front: the 
zenith, or the complement-of his’ altivude. sorly 

‘And (2.) As fine 2d fine Pad: y fined PiZe : 


- F Z P}\or of its fapplemete i ZL 5; ‘the azimuthal 


diftance from “the fouth.: arioitivily ig 
f Or} -the'praétical- rule may bei oxen lage: 


2 Write A for the fine of the fun ’s'altitude,: L 
and /-for the fine ahd'co-fine of ‘the latitude, : D 


and d°for*the’ fine “and: ‘co-fine of thefun’s de- 


¢lination,: and H for the’ ‘fine! oF the: at Paps: ; 
tance from V1: Da 
3 oo Phein“the relation oF EL. to. “4 il have three 
f varieties, 2G ED Fe S20 


i i ~ 
3 i} Rw fe Aber ALY wih ou Abe ew Pre n 
*, fm \ 
4 aa 


Se ea ee a, ee 


Se 


ees oe 


fen ti vee —_ : 
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_1. When. the declination. is, toward. the; ele- 
vated pole, and. the hour, ae be day Hid etween 


xT gn Le rot pias A= endl d; Diaad 
He! 7, =. ne = 
alps iWin. sis odo’ iS iierdél cic’ is aL D 


LD+A esol htm vou Te Wes 84 
all ld and ore ie owtersisds “be A 


am Wen ‘the “declination ig” tWvatd | the’ de- 
pace ‘pole, we “have A= ae Z ame Ds, and 


‘CH ee 
AGED fon i ig . : 
‘ ff. ' “eh eye gniee 2B HeALOn one gh Sal r 


ee 
My 


© Which: cepa at will. a shinee an anid 
expeditious) enough, for folying»thofe problems 
in geography andsdialings;which dependion the 
relation of: the air ‘Ss siggrvena to;the: hour of the 


y peaerietin ety (slag Delle1qeb any ebisvwos 

J y - : * wee . + ¢ 

VGSi ates 008 V3 SETI see Ck ee LT 

ygour opxX'A MPDE: | ys asin ewok 
* WS re ts. 

La) T5I3 o 2" iyNi roy e : ss) ai : fy . 70 


Suppofe the latitude’ Bei the’ Sn itel: to J Hope 
degrees north; the time five hours diftant from 
XII, that is, an hour after VI in the morning, . 
‘or before VI in the événirie'S andithe fun’s de- 
clination 20° norths Required the shih s altitude § e 


nn 


ae to. log. £ = Jog. fin., 61° 30°01. 89354* 
, add:log.. D-= logs: fin, 20° 0. 1453405 


ena Oy 
2 


io-pheis fom sas } bobas, ~ oe “642759 ' 


Toy Ce. 


— gives_ BD = logarithm » of 9.267664 ) in, the 


natural ‘fines. 


_ * Here we confider rok ‘radius’ a3” “ahity; and ‘not — 
10.00000, by which, inftead’ of the index 9 we have—1, as i 
above : which is of no farther uf, ‘than making the work 


@ little eafier. 


Filey And, 
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And, ‘to log. A = log. fin. + 15° Oo" 1.41300 ; 


Wil ys Liem log. fin. £ 38° Of I.79414 © 
i add}. log. d = og. fin. Sa Oo” 1.97300 


i onemmmneieamnmenntn 


Their fum eee Eatin a eg eS 
gives H] d= logarithm’ of 0.151408, in the — 


natural fines. 


And thefe two numbers Se a0) “664 “and 


0.151408). make 0.419072 = ‘which, in . 


the table, is the neareft natural. ia of 24° 47'y 
the fun’s altitude fought. 
The fame hour-diftance being affumed on ih 
other fide of VI, then Z D—H1d is 0.1 16256, © 
the: fine of | 6°° 40% 2% which is the fun’s altitude — 
at Vin the morning, or VII in’ the: pi 
when his north‘declination is 20°, : 
But when: the: declination’ is -20° fouth (or 
ards the deprefied pole) the difference © 
Hid—LD becomes negative, and thereby 
fhews that, an hour before VI. in sthe morning, 


or paft VI in the evening, the fun’s center | is 


6° 40% z below the horizons diye t@ 


“EXAMPLE 1. 


In the fame latitude and Wesefi -deblindetah, | 
from the given altitude to find the hour. —— 
‘Let the sain be 48°; and becaufe, ‘in this 


—LD 
cafe, H== iz 


and 4 (the natural, fine of 


48°) = .743145) and L D=.267664, ALD 


4 The diftance of one hour from V1... - 


_.. f. The co-latitude of the place. 


ft The co-declination of the fun. 


will 
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‘will be 0.475481, whofe logarithmic ~ 
fineis - <1 ~c9 = 1.6771938 
from which taking the,logarithmic; ...- . 
fineofixd= - - o> 2) 667671354 
Remains ser + % =.=, - "149099977 
the logarithmic fine of the hour-diftance fought, 


viz. of 54° 22°; which, reduced to time, is 


3 hours 37% min. that is, 1X h..37% min. in 
the forenoon, or II h, 22% m. in, the after- 
-noon. Bh 
»» Put the. altitude = 18°, whofe natural fine 
is ..3090170; and thence 4--L D’ will be 
=.04919533 which divided by / x4, gives 
0717179, the fine of 4° 64, in time, 16% mi- 
nutes nearly, before VI in the morning, or 
‘after VI in the evening, when the fun’s altitude 
ha 8 Px: | ; 

» And, if the declination 20° had been towards 
the fouth pole, the fun would have been de- 
_preffed 18° below the horizon at 16% minutes 
after VI in the evening; at which time, the 
twilight would end; which happens about the 
22d of November, and igth of January, in the 
latitude of 51° north. Thefame way may the 


: 


end of twilight, or beginning of dawn, be found — 


for any time of the year. } 

-- NOTE 1. If in theorem 2 and 3 (page 363) 
Ais put =o, and the value of Ais computed, 
~we have the hour of fun-rifing and fetting for 
any latitude, and time of the year. And if we 
“put H=0, and compute 4, we have the fun’s 
altitude or depreffion at the hour of VI. And 
‘Jaftiy, if H, d and D are given, the latitude 
may be found by the refolution of a quadratic 
“equation 5 for !=y/F—E 
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: ‘the fhorteft, day is 12 ont wry gn 5 mie 7 he 


a ,From, the ‘log. ‘fine rik tg 15 I. Soule ng 4 


St PhDiakes. | | 
NOTE 2s. When . A 1S.€ equal Os, AT is Sagal f 


heal 


itor aot’ iF xT D, aha tangent of he Jgctude 


ae. by” the’ tangent of the ‘declinations :: 

/CCAS? if it was teq hired, “aubat is thé greateft 
“leng tb Of day in latitude 51° 30 ? q 
Pov: log, “tarigent Of 461°~ 3 o eames ‘ 
“Add the’ Jog. sabe ad of 23mg I. 6379563 ' 34 
— th i 


SEP 
§ run 


a | 


pki IS, ese dine ac ag¢!9 se = fae 7379514 as 
ane log.’ fine of the’ hour-diffanee?9 3° 7’ pin 
time 2h. 123m, The longeft day thereforeis 
ie Ps ao he: 25 me STO 25° ction “And 


e ¥ 

2 Aa if the tongel day! is’ given, the laviewiel 
‘of the ‘place i is, found; —— being equal to. ve L. 
Thus, if the longeft day 1s 13% hours =°2 0.6 


hie 45m. and 45 a in time bevke fei 


to 11} degrees. iON ae 3 uot alt 9 


- Take the log. 4208 0 28 29° 1.637952, 


TATE } eae ae 
ao tat n eg wis eT dG 


te +e ' Tl Wi i RAL. ks 4 
Remains, gosrad alfa ee 40522 79:50 ; 


== the logarithmic tangents of Jat. SA dia 
_ And the fame ore the, apse woes ‘the 


odays, may be,examined,and;corrected, 
NOTE.35 The fame. ‘tule. for. ‘finding - the 
‘Wioapett day in a,given latitude,. ease saiaeedl the 
--hour-lines, that are neceflary, tobe drawn on-any 
-dial from thofe. which would. be. fuperfuous. om 
In lat. 52° 10 the longett day is,16 h.. 32m m. 
and Ie hour-lines afe to ‘be marked from ce 
Ys alte 


-are, a ea in Scare at nde kghel of. the 
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after I].in.the morning, to 16 m. after VIII in. 
the evening. 9 ly ci Gh obs: Dist ete reat” 
In the fame latitude, let the dial of Art. 7. 
Fig. 4. be propofed; and the elevation of its 
ftile (or the latitude of the place d, whole hori- 
zon is parallel to the plane of the dial) being 
15° 9'3 the longeft. day at d, that is, the longeit 
time that the fun can illuminate the plane of the 
dial, will (by the rule HT he TD). be 
twice 6 hours 27 minutes = 12h. 54m, The 
~ difference of longitude of the planes d and Z. 
was found in the fame example to be 36° 2°; cop 
in time, 2 hours-24 minutes ; and the declina- 
tion ‘of the plane was from the fouth towards the 
weft. . Adding therefore 2h, 24 min, to 5h. 
33 m. the earlieft fun-rifing on a ‘horizontal dial 
‘at d, thefum 7 h. 57 m. fhews that the morn- p;,.. 
ing hours, or the parallel dial at Z, ought to a 
begin at 3 min. before VII. And to the lateft 
fun-fetting at d, which is 6 h. 27 m. adding the 
fame two h. 24 m. the fum 8h. 51 m. exceeding 
6h. 16m. the lateft fun-fetting at Z, by 35 m. 
fhews that none of the afternoon hour-lines are 
fuperfluous. “And the 4 h. 13 m. from IIT h, 
44m. the fun-rifing ar Z to VIL hb. 57 m. the 
fun-rifing at d, belong to the other face of the 
dial; that is, to a dial-declining 36° from north 
to eaft, and inclining 15°. } 


EXAMPLES Tha 
From the fame data to find the fun’s azimuth. | 
"If Hy Land D are, given, then, (by Art, 2. 
of Rule I.) from having found the altitude 


and its complement Zd; and the arc Pd (the 
| _ diftance » 
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diftance from the pole) being given; ‘fay, As 
the co-fine of the altitude is to the fine of the 
diftance from the pole, fo is the fine of the hour- 
diftance from the meridian to the fine of the. 
azimuth-diftance from the meridian. oo 
- Let the latitude be 51° 30° north, the decli- 
nation 15° g’ fouth, and the time II h. 24 m.— 
in the afternoon, when the fun begins to fllumi- 
nate a vertical wall, and it is required to find 


the pofition of the wall.” 


Then, by the foregoing theorems, the com- 
plement of the altitude will be 81° 32%, and” 


Pd the diftance from the pole being 109° 5%, 


and the horary diftance from the meridian, or 

the angle dP Z, 36°. Ane 
To log. fin. 74° 51° - - 1.98464 
Add log. fin. 36° 0 - - 1.76922 


Ste 


And from the fum - - 1.75386 
Take the log: fin.81° 327% 1.99525, 
Remains “- - - + - 1.75861 = log, 


fin. 35°, the azimuth diftance fouth. 
When the altitude is given, find from thence 
the hour, and proceed as above. : : 
_ This praxis is of fingular ufe on many oc- 
cafions ; in finding the declination of vertical 
planes more exactly than in the common way, 
efpecially if the tranfits of the fun’s center is ob- 
ferved by applying a‘ ruler with fights, ‘either 
plain or teleicopical, to the wall or plane, whofe 
declination is required.—In drawing a meridian- 
line, and finding the magnetic variation.—In 
finding the bearings of places in te?reftrial fur- 
veys; the tranfits of the fun over any place, or 
his horizontal diftance from it being obferved, — 
together with the altitude and hour.—And — 
, A; . “thence 


of Dialing., 


thence determining {mall differences of longi- 
~ tude.—In obferving the variation at fea, &c. 
The learned Mr. Andrew Reid invented an 
- inftrument feveral years ago, for finding the 
 Jatitude at fea from two altitudes of the fun, ob- 
ferved on the fame day, and the interval of the 
obfervations,. meafured by a common watch. 
And this inftrument, whofe only fault was that 
of its being fomewhat expenfive, was made by 
Mr. Fackfon. ‘Tables have been lately computed 
_ for that purpofe. 
© But we may often, from the foregoing rules, 
| rolve the fame problem without much trouble ; 
 efpecially if we fuppofe the mafter of the fhip to 
know within 2 or 3 degrees what his latitude i is. 
Thus, 

Affume the two neareft probable limits of the 


A+L 
latitude, and by the theorem Hm py> com> 


pute the hours of obfervation for both fuppo- 
 fitions. If one interval of thofe computed 
hours coincides with the interval obferved, the 
queftion is folved. If not, the two diftances of 
the intervals computed, from the true interval, 
will give a proportional part to be added to, or 
— fubtracted from, one of the latitudes affumed: 
And if more exa¢tnefs is required, the operation 
may be repeated with the latitude already 
— found. 
But whichever way the queftion is folved, a 
proper allowance is to be made for the difference 
of latitude arifing from the fhip’s courfe in the 
time between the two obfervations, 


Of 
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or ihe dowié ni dial ; ‘aid tite ao 
ae ond . and Ttalian dials, 

“Fo the gnomonic rojedtion, there j is Warebiniel 
‘ade a feereographic - projection. of’ the hour- 
circles, and the parallels of the ftun’s declination, 
on the fame. horizontal plane ;_ the upright, fide 
of the gnomon being floped into an edge, ftand: 
ing. perpendicularly over the center of the pro- 
jection : fo that the dial, being in its due pofition, — 
the fhadow of that perpendicular edge is a verti- 
cal circle paffing through the fun, in the ftereo- 
graphic projection. | 

‘The months being duly marked on this ihe 
the fun’s-declination, and the length of the day at 
any time, are had by’ infpection (as alfo his alti-. 
tude, by meahs of a feale of tangents). . But its- 
chief property is, that it; may “be placed true, | 
whenever, the fun fhines, without the, help of any 
other inftrument. 

Let d be, the fun’s place, in the ftereographic 
projection, x.d-y z the parallel of the fun’s decli- 
nation, J d.a vertical. circle. through the fun’s 
center, Pd the hour-circle., and, it: is evident, 
that the diameter. NS. of this projetion being 
Rinne duly north and fouth, thefe three circles: 
will pafs through the point d, And therefore, 
to give the dial ‘its. due pofition, - we have only 
‘to turn its. gnomon. toward. the fun, on a-hori- 
zontal plane, until the -hour..on the, common 
gnomonic projection coincides with that .marked - 
by the hour-circle P d, which paffes through the 
interfeGiion of the fhadow Z d with the circle of 
the fun’s prefent declination. 

The Babylonian and Itakan dials eae the 
hours, not from the meridian, as with us, but 

from 


on 
3 1 


a en 


a 
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OF Dialing; | “95% 
“from the fun’s rifing and fetting: Thus, in Plate | 
dtaly, an hour before fun-fet is reckoned the 2 aq al, 
hour; two hours before fun-fet, the zed hour; 
_-and {fo of the reft... And the fhadow that marks 
‘them on the hour-lines, is that of the point of a 
 ftile. This occafions a perpetual variation be- 
‘tween their dials and clocks, which they muft 
correct from time to time, before it arifes to any — 
- fenfible quantity, by fetting their clocks fo much 
» fafter or flower. And in /raly, they begin their 
day, and regulate their clocks, not from fun-fet, 
‘but from about mid-twilight, when the 4ve Maria 
is faid ; which cofretts the difference that would 
otherwife be between the clock and the dial. 
“The improvements which have been made in 
‘all forts of inftruments and machines for-meafut- 
ing time, -have réndered fuch dials of little 
‘account. “Yet, as the theory of them §jis inge- 
‘nious, and they are really, in fome refpetts, the 
_ beft contrived of any for vulgar ufe, a general idea 
‘of their defcription may not be unacceptable. 
*. Let Fig. .5. reprefent an ereét dire€t fouth 
“wall, on which a Babylonian dial is to be drawn, 
thewing the hours from fun-rifing 5 the latitude 
‘of the place, whofe horizon is parallel to the 
wall, being equal to the angle KC R. Make, 
as for a common dial’ K G=K R (which is.per- 
pendicular to C R) the radius, of the equinoctial 
42, and draw RS perpendicular to C K for 
the ftile of the dial; the fhadow of whofe point 
_ ‘Ris to mark the hours, when SR is fet upright 
‘on the plane of the dial. 
Then’ it is evident, that in. the contingent line 
(72/9, the {paces K 1, K 25K 3, &c. being. 
_ taken equal to the tangents of the hour-diftances 
“from the meridiari, to the radius. K G, one, two, 
three, @&c. hours after fun-rifing, on the equi- 
nottial day; the fhadow of the point & will be 
Bb found, 
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| found, at thefe FD refpectively 3 in the points 


2s CC : 
Draw, for the Wye hours after fun- rifing, when 
the fun is in the tropic of Capricorn y V, the 


‘like common lines CD, CE; CF, &c. and at 
_thefe hours the fhadow of the point R will be 


found in thofe lines refpectively, Find the fun’s 

altitudes above the plane of the dial at thefe 
hours, and with their co-tangents Sd, Se, Sf, 
&c. to radius.S R, defcribe arcs interfecting the - 

hour-lines in the points d, e, f, &c. fo fhall the 
right lines'1 d, 2 e, 3 f, &c. be the lines of I, II, 
Ill, &c. hours after fun- rifing. | 
The conftruction is the fame in evety other | 
cafe, due regard being had to the difference of 
longitude of the place at which the dial would 
be horizontal, and the place for which it is to 
ferve.. And likewife, taking care to draw no lines © 
but what are neceffary ; which may be done 
partly by the rules already given for determin- 


“ing the time that the fun fhines on any plane ; 
and partly from this, that on the tropical days, 


the hyperbola defcribed by. the fhadow of the 
point R, limits the extent of all the hour-lines. — 

The moft ufeful however, as well as the 
fimpleft of fuch dials, is that which is defcribed | 


on the two fides of a ‘meridian plane. 


‘That the Babylonian and Italic hours are truly. 
enough marked by right lines, is eafily fhewn, 


_ Mark the three points on a globe, where the 


horizon cuts the equinoétial, and the two tropics, 
toward the eal or weft ; and turn the globe on- 
itS axis 15° , or 1 hour; and itis plain, ' that the 
three points which were in a great circle (viz. 
the horizon) will be in a great circle ftill ;-which 
will be projected geometrically into a ftraight 
line. But thefe three Points, are univerlally the” 
fun’ ¥ 
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fun’s places, one ‘hour after fun-fet (or one’ hour 
before fun-rife) on the equinoétial and folftitial 
_ days... The like is: true of all other circles of 
declination, befides the tropics ; and therefore, 


the hours: on fuch dials are truly marked. by 


. ftraight lines limited by the projections of the 
tropics ; and which are rightly drawn, as in the 
foregoing example: . 


Note 1. The fame’ dials may be delineated 


without the hour-lines C D, CZ, CF, 8c. by 


fetting off the fun’s azimuths on the plane of the 


- dial, from the center S, on either fide of the fub- 
 dtile C'S .K, and the correfponding co-tangents of 


altitude from the fame center 5, for I, Hf, III, 
cc. hours before or after the fun is in the horizon 
of the place for which the dial is to ferve, onthe 


/ equinoétial and folftitial days. 


» 


- 2.,One of thefe dials‘has its name'from the 


_hours‘heing reckoned from fun-rifing, the be- 
ginning of the Babylonian day. But we are not 


thence to imagine that the equal hours, which it 


fhews, were thofe in which the aftronomers of 
that country marked their obfervations. Thefe, 


we know with certainty, were unequal, like the 
Fewifb, as being twelfth parts of the natural day : 
and an hour of the'hight was, in like manner, a 
twelfth part. of the night; longer or fhorter, 
according to the feafon of the year. So that an 


hour of the day, and an hour of the night, at the 
fame place, would always make *, of 24, or 2 


equinoctial hours. In Palefiine, among the 


- Romans, and in feveral other countries, 3 of thefe 


unequal nocturnal hours were a vigilia or watch. 
And the reduction. of equal and unequal hours 
into one another, is extremely eafy, If, for in- 
ftance, it is found, by a foregoing rule, thatina 


gértain latitude, at a given time of the year, the 


Bb 2 ength 
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unequal hour is then 44 or % of an hour, that 
is, 70 minutes; and the nocturnal hour is 50 


minutes: The firft watch begins at VII-(fun- 
det) ; thefecond at three times 50 minutes after, 


Jength of a day is 44: equinodtial -hours, the 


viz. IX h. 30 m. the third always at midnighti; 


the morning watch at $ hour paftIl. = > 


If it were required to draw»a dial: for fhewing 


thefe unequal hours, or a2th parts of the day, 
we muft take as many dechnations of the fun as 


are thought-neceflary, from the equator towards 


each ‘tropic: and having computed «the fun’s 
altitude and-azimuth for 5%, =, 3;th parts, “8zc. 
of each of the diurnal ares belonging to*the de- 
clinations affumed : -by thefe, the ‘feveral points 
in:the circlesof declination, where the :thadow 
of the ftile’s point falls, are determined: and 


curve lines drawn through «the points. of an 


homologous divifion will be the ‘hour-lihesire- 
quired, .  “athine 


Of ihe right placing of dial, ‘and having’ a true 


meridian line for the-régulating of clocks and 


RIL OEE 


The plane on which the dial is'to'teft, "being 


the watch at your leifure. 


If you would be more exaét, ‘take'the ‘fun’s 
altitude by a good quadrant, noting the precife 


_ ‘duly prepared, and every thing neeeéffary-for 
fixing it, you may find the hour tolerably exage 
by a large equinoétial ring-dial, ‘and fer your — 
watch to it. And thenthe dial may befixed ‘by — 


time of obfervation by a clock‘or watch. ‘Then, 


compute the time for the altitude obferved, (by 


the rule, page 364) and fet the watch to ‘apree 


‘with that time, according tothe fun. A‘Hadley’s — 
S quadrant — 


How te. make a. Meridian Tine. Eyes 
quadrant is very convenient for this parpof ; 
a by it you may. take the angle between the 
fun and his image, reflected from a bafon of 
water: the halfiof which angle, fubtracting the 
refraction, is the ‘altitude required. This is 
beft done in fummer, and the nearer the fun is 
tothe prime vertical (the eaft or weft azimuth) 
when the obfervation is made, fo’much the 
betrer.. Lott uly QMO NOT 3 
_ Or, infummer, take two equalaltitudes of the 
fun in the fame day; ‘one any time between 7 and 
10 o’clock in the morning, the other between 2 
and 4 inthe afternoon; noting the moments of 
thefe two obfervations by-aiclock or watch’y and 
if the watch fhews ‘the obfervations to’ be at 
‘equal diftances. from noon, it agrees’ exactly 
with! the fun; if neo, the watch muit’ be cor- 
rected by half the difference of the forenoon and 
‘afternoon intervals; and then the dial may be 
_fetitrue by the watch, AC OO, ¢ 
_. Thus, for example, fuppofe you: have taken 
the fun’s» altitude when’ it was 20 minutes’ paft , 
VIII in the morning by the watch; and found; 
by obferving in the afternoon, that the fun had 
the fame altitude 10 rainutes before INI; then 
it is plain, that the watch was 5 minutes'too 
faft for the fun: for 5 minutes after XII is the 
middle time betweeen VIIE h. 20 m. in the 
morning, and II] h. 50m. inthe afternoon; and 
therefore, to make the watch agree with the fun, 
it muft be fet back five minutes. | 
_ A good meridian line, for regulating clocks oF 4 jor;. 
Watches, may be had by the following me- dian line 
thod. ba a 239 
_ Make a round hole, almoft a quarter of an 
4nch diameter, in athin plate of metal; and fix 
the plate in the top of a fouth window, in fucha 
ae b 3 manner, 


£ 
‘ 


manner, that it may recline from the zenith at — 


nearly as youcan guefs; for then, the plate will 


_ the, woodste. the above-mentioned place on the — 


How to make a Meridiat Line. | 


an angle equal to the co-latitude of your place, as — 


face the iun dire€tly at noon on the equinoétial — 
days. Let the fun thine freely through the hole ! 
into, the room,;,and hang a plumb-line to the ~ 
ceiling of the room at leaft five or fix feet from | 
the window, in fuch a place as that the fun’s . 
rays, tranfmitted through the hole, may fall — 
upon thé..line when. it: is noon ‘by the clock ; — 
and having: marked the faid place on the ceiling, 
take away the line. — 
Having adjufted a, fliding bar to a dove-tail _ 
grocve,-in a piece of wood about 18 inches long, 
and fixed a-hook into the middle of the bar, nail 


ceiling,: parallel to the fide of the room inwhich — 
the window. is :\ the groove: and. bar being to- 
wards the, floor, Then, hang the plumb-lne 
upon the hook in ‘the bar, the weight or plum- _ 
met reaching almoft. to the floor; and the whole 
will: be, prepared fo abn and pater adjuft- 
mente} | ! 
This done, find pia true “ye time by either 
of the two laft methods, and thereby regulate 
your clock.; Then, at the moment of next noon 3 
bythe clock, when the fun fhines, move the — 


a. 5 


- fliding bar, in the groove until the fhadaw ib the: { 
plumb, line ™bifects the image of the fun (made — 


by, his rays, tran{mittedthrough the hole) on the © 
floor, wall, or on a-white foreen placed on the ~ 
north fide of, the Jine; the plummet or weight — 
at the end of the line hanging freely in a pail of © 
water placed below it on the foor.—But becaufe | 
this may not be quite correct for the firft time, | 
on account.that the plummet will not fettle im- 


EW even in water; it b may be farther cor- 
he 


- 


: The Calcitlation of mean New and Full:Macns: 
reted on the following days, by the above 
method, with the fun and clock; and fo brought 
to a very great exactnels. i 

-\ WN. B. The rays tranfmitted through the hole, 


will caft but a faint image of the fun, even on a 


white fcreen, unlefs the room be fo. darkened 
that no fun-fhine may be allowed to enter, but 
what comes through the fmall hole in the plate. 
And always, for fome time before the obferva- 
tion is made, the plummet ought to be immerfed 
in ajar of water, where it may hang freely ; by 
' which means the line will foon become fteady, 


which otherwife would be apt to continue, 


{winging. 


As this meridian line will not only be fufi- 


. cient for regulating of clocks and watches to the 
true time, by equation tables, but alfo for moit 
aftronomical purpofes, I fhall fay nothing of the 
magnificent and expenfive meridian lines at 
Bologna and Rome, -nor of the better methods by 


which aftronomers obferve precifely the tranfits 


of the heavenly bodjeson the meridian... 


BiG © Toba. 8 sade 


| Shewing how to calculate the mean time of any New: 


‘or Full Moon, or Eclipse, from the creation of the 
world to the year of CHRIST $800. 


io the following tables, the mean lunation is 


about a 2oth part’of a second of time longer’ 


than its meafure as now printed in the third 
editionsof my Aftronomy; which makes a dit- 
ference of an hour and 30 minutes in 8900 


_ yeat's.—But this is,not material; when only the » 


- Mean times are required... | 
| i Bb 4 PRE- 


~ 
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HT ‘ r 


PREC BiPiT: 


rag. 


y. If the given year be found in. the third — 


column of the Table of the moon’s mean motion from. 
the fun, under the title 1 ears before and after 
CHRIST; write out that year, with the mean 


motions belonging to it, and thereto join the — 
given month with its mean motions. But, if — 


the givem year be not in the table, take out the 
next leffer one to it that you find, in the: fame 
column ; and thereto add as man y compleat years, 


as will make up the given year: then, join the 
given month, and all the refpective mean mo- 


tions, 


2. Colleé thefe mean motions into one fum of 
figns, degrees, minutes, and feconds; remem- 
bering, that 60 feconds (“) make a minute, 60 
minutes (“) a degree, 30 degrees (°) a fign, and 
12 figns (5) a circle. Whén the figns, exceed 
12, or 24, or 36 (which are whole circles). reject 


. them, and fet down only the remainder; which, 


together with the odd degrees, minutes, and 
feconds already fet down, muft be reckoned the 
whole fum of the collection, . 


| 3. Subtract the refult, or fum of this callece | F 


tion, from 12 figns; and write down the remain- 


der.. Then, look in the table, under Days, for 


the next lefs mean motions to sacl 
he BI 


2 


To find the mean time of any New or Full’ Moon in 
any given year and month after the Chriftian — 


{ 


| The Calculation of mean New andFull: Moons. 979, 
and fubtract.them from it, writing ida their 
pemainser. 


°F His done, look j fir the table thder hdute 
(marked H.) for the next lefs mean motions to 
this laft remainder, and, fubtract. them from ir, 
writing down their remainder, 


Then, look in the table under minutes 
(marked M.) for the next lefs mean motions to 
‘this ‘remainder, and fubtraé& them from it, 


| writing down their uemaindsr. 


Laftly, look in the fable under econ 
(marked S.) for the next lefs*mean’ motions to 
this remainder, either greater orlefs ; and againit 
‘it Hee have the ahraeee a fing 8 thereto. 


we And thefe times collected, will give the 
_ meantime of the required new moon’; which will 
_ be right in common years, and alfo. in January. 
and February in leap-years; but always one day 
tag late 1 in srr ey a after February. 


» 


EXAMPLE 


80: «The Calealatiow of mean News and Full Moons. 
| WOU wi A M P. a E qT; st a 


QO? goer hed TKI o ‘Moc Fomfuny! 


To pe ven after Chrif’s CFE ARIE Ni 3) fs 
birth — — 1753 10 9:24 56 
Add compleat years » hi BE Or lO 14-2008 
And join September fl fim 22 sae Roe 
The fum of thefe mean motionsis 1 12 0 24 — 
Which, being fob. HOw ae Cligles bot? a igh ta 
or ota) saa oA 3 $2! DON Din Oh 
Vienves damental: qo ie TO 17 59 30. 
Next lefs mean mot. for 26 Mie ely 5¥ | 
SU ee) ee tik 57 34 q 
Aad there remains Se ae SAy Lo St 2 “m4 
eae lefs mean mot, for 2 maa x tdgin od 
fub. gyn sy sede: eyeey-qene at yee: Byam 


i 


t ‘ 
And the remainder will be - ~~ i) om 
Next lefs mean mot. for 2 min. ae 
fub. gis »”, = = T I k 
Remains the mean mot. of 12 fec. : 4a 
om 


Thefe times, being collected, would thew — 
the mean time of the required new moon .in © 
. September 1764, to be on the 26th day, at 2 © 
hours 2 min. 12 fec. paft noon. But, as itis in 
a leap-year, and after February, the time is one — 
day too Jate. So, the true mean time is Sep-— 
tember the 25th, at2 m, 12 tec, paft If in the” 
afternoon. 
N.B. 


The Calculation of mean New and Full Moons. 


| N. B. The tables always begin the day at 
“noon, and reckon thence forward, to the noon 
of the day following. © Mo ; 


To find the mean time of full moon in any given year 
~~ “and month after the Chriftian Atra. 


Having collected the moon’s mean motion 
from the fun for the beginning of the given 
_ year.and month, and fubtracted their fam from 
12 figns (as in the former example) add 6 figns 
- to the remainder, and then proceed in all re- 
- Ipects as above. : 


EXAMPLE IL’ 


Required the mean time of full moon in September 


1764? 
uty | . Moon from fun. 
To the year after Chrif’s Serr ial” 
birth — —..1753 10 9 24 56. 
Add compleat years - 11 QO 10 14 20 
wie . ~ (fum 1764) 
And join September - — - 22209 8 


The fum of thefe mean motions 


PRC aS LS ave ah VISA OS pire? 0 24 
Which, being fubt. from a cir- 


‘cle, or - ~ - 120 Q -0 
Leaves remaining - - - 10°17 59 36 
To which remainder add a ee TO we 
F Geeta Lae ee] 


PARE funiivill be’ bls) Ut aH Hy 96 


381 


382, 


‘ 
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Moon from fun. — 


7 47 


8} (0a 


i + a og 


Brought over (pata Rete 4) MZ 59 36, ; 


Next lefs mean mot. for 11 


_ days, fubt. is waray 3 


(aS Re SS Decne 


And there remains - < “in 3 52 4 
_ Next lefs mean mot, for 7 — SEN 
hours, fubt. AY EST OME BE FORGE 

And the remainder willbeoi- | 20: a2 : 


\ 


Next lefs mean mot. for 40 : 34 


min. fubt. MG - ~ eM a 4 
Remains the mean mot. for'8 ~ 
fec. = z = - = i Tes 3 


So, the mean time, according to the tables, 
is the 11th of September, at 7» hours 40 minutes 


8 feconds paft noon. One day too late, being 
“after February ina leap-year. | rae 


And thus may the mean time of any new or 


full mioon be found, in any year after the Chrif 
tian Aira. | | int 


To find the mean time of new or full moon in any - 


given year and month before the Chriftian Aira. » 
_ If the given year before the year of CHRIST 


1 be found in the third column of the table, 


under the title Years before and after CHRIST, 
write it out, together with the given month, 
and join.the mean motions. But, if the given 
year be not in the table, take out-the next 


greater one to it that. you find; which being — 


itill farther back than the given year, add as 


many compleat years to it as will bring the ~ 


time forward to the given year; then join thé 


-month, and proceed in all refpects as above. 


EXAM. 


A 


- be Calculation of mean New ane Full Moons, 


EKA MPLE IIT. 


“Refuived the mean time of new moon in ‘Nay, the 


iy year before Chrift 58 5° 
| The next greater year in the table is 600; 
which being 15 years before the given year, 
add the mean motions for 15 years to thofe of 
600, together ‘with thofe for the Pepiming, of 


May. 


Be O8 at from fun. 


a 47 


hue , ) 
To the year before Chri? 600 - 5 Ir 6 16 
Addscompleat years motion 15 - 6 0 55 24 
And the mean motionsfor May 0 22 53 23 


renee 


Orrhex whole {um is " ba ots groaet 
Which, being fubt. froma cir | 
“a? pele OF 94) 6) BaaIWwite enOrEN geT@ obs 
ay 4 a f 3 7 ‘ 


Reoven remaining " 
qin defs mean mot.:|for ots | 
«days, dubs. - S4, eT Une) Big) on ey 


: ; 


TI 25 4 57 


Dadithete remains) = fa OO at ie highs i 
Nextlefs meanmot, for3 hours Ag ARI 
Me, fubr. : - - I 31 26 
And the remainder willbe - Bid oF 
Next lefs mean mot. for 3 min. 
Mubt. .  - - “ Ce ee a 


| Rem. the mean mot. of 14 {e- | . 
 ¢onds = - - 6 


4 ~* 


| 


34 


Ofeclipfes. 
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So, chev reas time by the tables, ‘was the E 
goth of May, at 3 hours 3° min. 14 fec. paft 
noon, A day later than the truth, on account 
of its being in aleap-year. For as the year of © 
CHRIST 1 was the firft after a leap-year, 
the year 585 before the heir I was a icaye Rhiy 4 
of courtfe.. 

If the given year be after the Chriftian Fira, 
divide its date by 4, and if nothing remains, it 
is a leap-year in the old ftile. Butif the given 
year was before the Chriftian Aira (or Year off 
CHRIST 1) fubtraé& one from its date, ‘and 
divide the remainder by 4; then, if nothing 
remains, it was a ree: t bila otherwife not. 


ss wp ity Le : 


ay 


To find whether the fun is eclipfed at the time of any 
given change, or the moon at any given full. 


From the Table. of the fun’s mean motion (or 
diftance) from the moon’s afcending node, collect 
the mean motions anfwering to the given time ;_ 
and if the refult fhews the fun to be within 18 
degrees of either of the nodes at the time of 
new moon, the fun will be eclipfed at that time. 
Or, if the refult fhews the fun to be within 12 
degrees of either of the nodes at the time of full” 
moon, the moon -will be eclipfed at that time, 
in or near the contrary node ; otherwife not.’ 


EXAM. 


/ 


The Calculation of Eclipfes: 


EXAMPLE, W. 


The moon aes on the 26th of September 1764, 
 at2b. 2m. (negletting the feconds) after noon. 


(See Example I.) Qu. hh the fun will 


be eclipfed at that time 2~ 


Sun from node. 


To the year after Chrif’s , AeA ae 

birth ,~— = =— 91753. &, 28. 0,19 
Add compleat years - 11 .7 2.3) 506 

7 (fum 1764) | 

/ September ...- 5. - 8 12 22 49 
And 26 days - - a 27.0 13 
hi 2 OWS me oe 5 12 
2minutes - - - 5 


“Sun’s diftance from the afcend- ; 
ing node - sia Or a 2 Ba Sa 


383 


~~Now, “as the defcending node is jul oppofite the te 
tothe afcending, (viz. 6 fions diftant trom it) and thereof. 


‘the tables fhew only how far the fun has cone 
from the afcending node, which, by. this exam- 
Pie,” appears to be 6 fiens 9 degrees 32 minutes 
- 34 feconds, it is plain that he mutt be ecli ipfed 5 
being then only 9° 32° 34” fhort of the de- 
‘Acending node. 


RA X 2 EX AM. 


‘ghe moan “aN he Full on the 11th of ee 
» 39764, at 7b. 40 min. paft noon. (See Exams — 
ple ll.) 2. W berber jhe is be le ary 


tbe Calcalation of Eclipfets 


EXAMPLE V. 


that time ? 


To the year after Chrif’s jet ce 


s 
“birth oe FEZ Lo Es28 0 To 
Add compleat years” - 11 7.) 2 ee 


ice 


(fun 1764) | 


September = - (8 12\22:49 


Sun’s diftance. from the -afcend- 


| Da: ay GARE. it ator - Il 25 29 
And a houfs ”. « GJ shi vets 18 IE i 
40 minutes Te path taut oh Ae 


ing node - + = = 5 24 12 28 


Which being fubtracted from 6 figns, leaves _ 


_ only 5° 47° 32” remaining; and this being alk — 


the fpace that the fun is fhort of the defcend-— 


ing node, it is plain that the moon muftthen | 
be > eclipfed, becaute fhe is juft as near the con- 
trary node. | | a 

EX A M-~ 


The Calculation of Eclipfes. 


EXAMPLE VI. 


384 


9 Whether the fun was eclipfed in May, the year 


before CHRIST 585? (See Example III.) 


\ 
Sun from node. 
$ oO a 0¢ 


‘To the year before Chrif 600 - 9 9 23 41 


Add the mean motion of 15 


complete years - - 9 19 27 49 
, May ee Soh 97 57 
rear 2g days - - Ty O” FO 
3 hours - - 7 48 
_. © 3 minutes (neglecting 

the feconds) * apo Int 8 

Sun’s diftance from the afcend- sho 
ing node - - O 3.44 43 


~~ Which being lefs than 18 degrees, fhews that 
the fun was eclipfed at that time. , 

This eclipfe was foretold by Thales; and is 
thought to be the eclipfe which put an end to 
the war between the Medes and Lydians. | 
_ The times of the /un’s conjunélion with the 
nodes, and confequently the eclipfe months of any. 
given year, are eafily found by the Table of she 
fun’s mean motion from the moon's afcending node ; 
and much in the fame way as the mean con- 
_ junctions of the fun and moon are found by the 
table of the moon’s mean motion from the fun. 
For; collect the fun’s mean motion from the 
node (which is the fame as his diftance gone 
from it) for the beginning of any given year, 
and fubtraét it from 12 figns; then, from the 
sh tea] Sart remainder, 


Thale?’3 
eclipfe. 


When 
eclipfes 
muft bape 


eh» 


383 To fnd then there muft be Eclipfes. 
~ yemainder, fubtraét the next lefs mean motions — 
belonging to whatever month you find them in ~ 
the table ; and fromtheir remainder fubtract the ~ 
next lefs mean motion for days, and fo on for — 
hours and minutes: the refult of all which will © 
fhew the time of the fun’s mean conjunction — 
with the a/cending nede of the moon’s orbit. 


EXAMPLE VIL : 
Required the time of the un's conjunction with the | 
afcending node in the year 17042 


Sun from node. — 
v ce Oa 4 ca ae 
fo the year after Chriji’s a 
birth a0 Skee bagggen p 28 19 Tom 
Add compleat years - 41 7 2 $3 50 — 
Mean dift. at beg. of A.D. 1764 9° 0 4:15 i 
Subttact this diftancefromacir- © 
cle, or - - - 12.0 ©. 0m 
And there remains = == 2.29 55 45 
Next lefs mean motion for _— 
March fubtract - 4. 2078 16.39% 
‘And the remainder willbe - 0 28 39 6m 
Next lefs mean motion for 27 Son 
days, fubtra&t 9 - © + 0 28 2 22% 


And there remains — - : | 36 34. | 
JNext-lefs mean motion for 14. oe 
hours, fubtratted ©- = © 1036 Jom 


‘(Remains nearly) the mean mo- ive), Stra 
tion-of 5 minutes) =) 2) os 6 1B 


ey 2 Hence — 


a 
$ 


The Period and Return of Eclipses. 

‘Hence it appears, that the fun will pafs by 
the moon’s a/cending node on the 27th of March, 
at 14 hours 5 minutes paft noon; viz. on the 
28th day, at 5 minutes -paft II inithe morning, 
according to the tables: but: this being in a 
leap-year, and after February, the time is one 
day too late. - Confequently, the true time is at 
6 min. paft IT in the morning on the 27th day ; 
at which time, the defcending node will be di- 
rectly oppofite to the fun. | 

If 6 figns be added to the remainder arifing 
from the firft fubtraction,. (viz. from 12 figns) 
-and then the work carried on as in the laft 
‘example, the refult will give the mean time of 
the fun’s conjunction with the defcending node. 
| Thus, in. . | 


¢ 


EXAMPLE VII. 


_ To find when the fun will be in conjunttion with 


the defcending node im the year 17648 


Sun from node. 


f cf 


Ai F'5'O0 
' To the year after Chrif?s | . At 
birth - - EAS 3 <4 U2 Sy On LQ 
Add compleat years - BETA B50 


Beer ne 


M. d. fr. afc. n. at beg. of 1764 9 oO 4 us 
Subtract this diftance fromacir- .. . 


cle, or - - “12, 0}.05, 0 

And the remainder willbe  - 2 2955-45 
To whichadd halfa circle, or - 6 0 0 O 
And the fum willbe = = 8 29 55.45 


Gc? “at Next 


89 


390 


/ 


‘The hi- 
mits of 


eclipses. 


Their pe- 


ried and 
reftitu- 
tion. 


” t Say of 


The Period and Retura of Eclipfes. 


g QU 


Brought over oe 8.219 55 45 


Next lefs mean mot. forSept. fubt. 8 12 22 49 


And there remains == - 0 17°32 56. 


Next lefs mean mot. for 16 days, 


~ fubt. - saa aos - 016 397 4 4 


And the remainder wilkbe . = © 0. 455 52 
Next lefS mean mot. for 21 hours, ea 
fubtracted eRe Tae £4 32 


Rem. (nearly) the mean mot. of. 
gi min. - Piet 8 aay | I 20 


So that, according to the tables, the fun will’ 


be in conjunction with the de/cending node on the 


16th of September, ‘at 21 hours 31 minutes paft 


noon: one day later than the truth, on account 
of the leap-year. | 


When the moon changes within 18 days be- 


fore or after the fun’s conjunction with either of 
the ‘nodes, the fun will be eclipfed at that 
change: and when the moon is full within 12 


days before or after the time of the fun’s con- 


junction with either of the nodes, fhe will be 
eclipfed at that full: otherwifesnot Gc) 
If to the-mean time of any eclipfe, either of the 


18 hours 11 mtnutes and sx feconds (in which 


there are exactly 6890 mean lunations) we fhall — 
have the mean time of another‘eclipfe. For at’ 


the end of that time, the moon will be eivhér 


new or-full; according as we add it to the'time —— 


-of new or full moon; and the fun will be only 
45” farther from the-fame*node, at the end of 


~ 


c “a 


fun or moon, we add 557 Julian years 21 days. . 


the 


The Period and Return of Eclipfee. 
the faid time, than he was at the beginning of 
jt; as appears by the following example *. 
The period, Moonfr.fun. Sunfr. node. 
Se EO EE A SEE RE RG 
Compleat (80073 5-32 47-1014 45 8 
eae 9 ‘40—8 26 50 37—- 1 23 58 4g 


- SEAS 17—3 2 21 39—10 28 40 55 
days ‘2:1—8 16 0 21— 21 48 38 
hours. 18— 9 8 35. § 46 44 
minutes 11-—— 568 5 29 
feconds 51— 26— | 2 


Mean motions —-o 0° 0 0-0 0 045 


And this period is fo very near, that in. 6000 
years it will vary no more from the truth, as to 
the reftitution of eclipfes, than 8+ minutes of a 
degree; which may be reckoned next to nothing. 
itis the fhorteft in which, after many trials, I can 


the fame node. 


find fo near a conjunction of the fun, moon, and . 


* Dr. Hatxey’s period of eclipfes contains only 18 years 
‘41 days 7 hours 43 minutes 20.feconds ; .in which time, ac- 
cording to his tables, there are juft 223 mean lunations: but, 
‘asin that time, the fun’s mean motion from the node is no 
more than 115 29° 31° 49°, which wants.2%° 11” of being 
as nearly in conjunftion with the fame node at the end 
of the period as it was at the beginning ;. this period can- 
not be of conftant duration for finding eclipfes, becaufe it 
will in time fall quite without their limits.. The following 
tables make this period 34 feconds shorter, as appears by the 
following calculation. pa 

The period, Moon fr. Sun. Sun fr. node. 
5 O m ia 5 0 ¢ ‘7 
Compleat years. 28-7 11 59 4—11 17 46.18 
days  l—4 14 5 54—- 11 25 29 


-hours 7—- © 3 33 20— a8 i 
min, 42— 21 20— I 49 
fec. 44—— 22— - 2 
Mean’ motions —2 0 0 O-—II 29 31 49 


oe \ This 


39% 


392 * A Table of Mean Lunations. » 


tO od gS table is made by the continual addition 
of a mean lunation, viz. 29° 12" 44™ 3° 6 aii 


14’ 24” | ovii 


Lun. | Days. H.M.S.Th.| In 100000 mean’ Juna- 


< UIvJUOT)- 
Le) 
oO 
N 


i 
“I 
N 
a 


a 


n3CH yu 885 )22 
gop... 1181 5 
50 1476 12 
100 2953 1 
Zoo} © 15900! 02 
zoo, 8859. 4 
400] “1IST2, 5 
soo] 14765 7 
1000] | 29530 14 
2060} ‘59061 4 
3000] 88s5g1 18 
40de} T18122"° 8 
gooo] 147652 22 
10000} 295305 21 
20000] 590611 19 
30000} 885917 17 
4900011 18122515 
_ 1 5000011476529 13 
7400000}295 3959 3 


In 12 lunations 
In 13 lunations 


year. | 


/ 
i} 


-—— |tions, there are 8085 Julian 


3 6lyears 12 days 21 hours 36 
6 13\minutes 39 feconds = 
9 19|2953059 days 3 hours 36 
12 25/minutes 30 feconds, 

15 32| Proof of the Table. 

18 38 ~ (Moon trom fun. 
21.44 In CUD 
24.5 Ae C 4000]. F 14 22 22 
27 ST J} 4coop 114 22 12 
= Mega A fe) MR ie AEP aes 
2718 UC st 10 0 18 28 
3FtADays yor2d liq 26. epeo 
4.14 Hours 21 10.40 1 
35 Min, 36] Pa amity i 
TO" 351Sec. 30 dea rt 
: NE itn Ooh Fo 


42 32|° Having by the former 


52 '57\precepts computed the 
45 s4|mean time of new moon in 
314 49) january, forany given year, 
17 42 itiseafy, by this Table, to 

3 36)find the mean time of new 


49 30|moon in January for any} — 


39 ojnumber ofyears afterward : 

18 -cjand by means of a {mall 

57 o|table of lunations for 12 or 

36  o{13 months, to make a ge- 

15:o|neral table for finding the 

30. o\mean time of new or full 
moon in any given yearand 
month whatever.” . 


D.. H. M.S. Th. 


In 11 lunations there are 324 20 4 34 10. 


—— 354 8 48 37 16. 


$ 


(383 21 32 40 236 


But-then it would be belt to begin the year with March, to 
woid the inconvenience of lofing a day by miftake in leap 


‘ « y * moy 
4 


Years 


t 


ATable of the Moon's mean Motion from the Sut. 


and after 
CHRIST. 


of the 
World. 


Julian 
period, 


ee 


706 Oo 


Fidl' BPim. 4000) 5. ° 9, 25,24 1p ove, ea 
1714] 1008] & 3o000}11 20 28 57 13| 9 Il 40 35 
2714}2008] 3 2000 6 1 34 30 4} 1 21 18 © 
3714| 3008] 1000] O 12 40 3 PIPL 6 oo ge* 2a 
3814} 3108] 2 goojro 19 46 36 16]10 22 44 15 
3914] 3208 Ss 800, 8 26 53. ¢ 174° 3 28 210398 
4o14|3308| 8 7007 3 59 43|| 18) 7.11 59° 4 
4114] 3408] >» 600} 5 11 6 16 IQ|IL 21.36.27 
421413508 2 500] 3 18 12 49 20) 4 1325 1¢ 
4314) 3608 @ 400, 1 25 19 25 40|°8 26, 50, 37 
4414|3708| S 3°] 0 2 25 56 60] 1 10 15°56 
451413808) 8 200}10 9 32 2¢ SOV § 23>4n = £5 
46141-3908), —— { F00) 8.10.39" "3}) 10910.” 7 GO 33 
4714] 4008] > 6 23 45 36|| 200] 8 14 13 
4814] 4108] 101) 5 9 52° ¢ 300| 6 21 19 4¢ 
4914} 4208] , 20113 7 58 43|| 40°] 4 28 2043 
5014] 4308) m 301 F 15 5 16]|) 500} 3 5 32 47 
g114|4408| & 4orjrr 22 11 49 1c00| 6 Il °5 33 
5214) 4508) 3 501) 9 29 18 23]! 2coO} o 22 11 
§714| 5008 1001| I 4 §! 13000) 9» 4-46.39 
6414] 5708 1701| 0 24 37 2|'|_4000| 1 14 22 12 
6466) 57£0 1753/10 9 24 56|;  _|Moon from fun. 
6514] 5808 1801| 6 5 20 15| Months) s oF % °% 
“et rg 4% | Compleat (M ; net 
Bee eee ee ee |e as set 
ak 38 1}:4 9, 37.24 Mar. LL. 20) Lee 

13 9:3 & aro 8 8 19 14 48]| April] 9 17 10. 3 

» +2 3 ae 3] 0 28 §2 1 May a ea 3 28 

cease: 2 rang 415 20 4! 4i|June Jr to 48 11 
ee es) eat ol) citavai bivestes a tect 
TARE) ESTER ae Gee | ete ta 

mo Og re 2. oe 7| 6 19 33 17}| Sept. | 2 22 2I t 

ree Vhe Zig Ys 22), 71) Be q-20% 4 20 
1620 Bo SoS of gzo~sorgzit Nove t 31559" 

SLs “0 101 8. 6 76 e5|)} Dec. | 3 21.42 

2 C) 8.2 ‘| This table agrees with the old /: i/e until the year 


17533 and after that, with the mew. 


he _Days. 
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A Table of the Moon's wiean Motion from the Sui. 


Vs Moon from fun, | Moon from fun. || Moon from fun, - 
is oi ile eae? 
2) 0 24 22 53}| —j-——-——-|/ Tricia. ae 
31-1". g4.,20 3| © 30 29 15 44 47] 
4} 1 18 45.47/| 2, © 0 57 16 15 16] © 
54.2,.0 57.13] 3) 1 31 26 16 45 44 
OO0251. 18 40 bk 4) oe eee £7 10 13 
UPA 20 2 1RO OT Me Sh Oe Be ae 17.40 42 
BFo3e Ne SEs Ta Me Saas oe: ee 18 17 10 
1 91 3:19 43 Of] 7] 3 33 20 18 47 39 
Poe gl Sg a7 th Be ak 3" Kg 19 18 7 
iT) 414 5 541) 9] 4 34 18 19 48 36 
£2)" 4° 26°17 20] rot’ Ss 4 46 20 19 5 
13] 5 8 28 47]| 1b} 5 35 15 20 49 33 
114} 5 20 40 14]/ 12} 6 5 43 21 20°' 2 
15), 0°; 2 5% 40]) 03], 6 36°42 21 50 31 
LOT OIG) Bio 7 Had ZO as 22 20 59 
WHOA] Ta a4 lest sai ho a2°5t, 28 
13} 7 9 26 o}| 16! 8 7 38 23 21 56 
19} 7 21 37 27|| 17] 8 38 6 23 52 25 
120, 8 3 48 54); 18).9 8 35] 24 22 54 
2t| 8 16 © 21/| 19} 9 39 4 24. 53 22 
22| 8 28 Ir 47/| 20/10 9g 32 25 23 St 
23}9 10 23 14]] 21/10 40 1 25 54 19 
244 9 22 34 41]| 221/158 30 30 26 24 48 
25110 4 46 7)|| 23) 11 40 58 26 55 17 
26/10 16 57 34|| 24112 11°24 27 25 45- 
27 {10 29 Q If] 25]/12 41 55 27 56 14 
28.100) TL120 271/261 ce 1294 28 26 43 
29 II 23 31 54.1] 27113 42 §2 28 57. 11 
3010 § 43 21]| 28114 13. 21 29 27 40 
31} 0 17 54 47]) 29|14 43 50 29 58 8 
324 1) ©. 6 1g]}\30j}rs: 14, 18 30 28 37 


t Lunation =29% 125 :44™ 425 6th 211% 4" 24vi ovii 
In leap years, after February, a day and its motion mutt 
e added to the time for which the moon’s mean diftance 
from the fun is given, But, when the mean time of any 


{new or full moon is required in leap-year after February, 


a day muft be fubtraéted from the mean time thereof, as 
found by the tables. In common years they give the day 
right. 


a Table of the Sun's mean Motion fron the Moon's 30) 
Afeending Node 98 


po 


Years before Sun from node, Com- 


Years 
Foliar { of me bi ‘and after ; pleat mae from nose, 
period World| CuRIsT. J «- 9 4 w |} years. sb fila 
700 oO. ~ |4oo8| F 6/37 . 9 hy Se gee j 6 
at A _8y = 4000} 0 TI 4 55 12 0:7 34 if % 
1714. 1008 & 3000} 9 10 35 11)) 13.7 9°11-%7 
“ay re 2 Pe 6 fo 5 28 14 { 9/0 22 25 
7TAys 1660p 3.9 35 440° 25 P9499 27 4 
3814) 3108 ~ geo} 7 24 32 46})' 20 fro: g 35 " 
3914) 3208} © Soc] O 9 29 48]} 17 110 28.40 $5 
4014) 3308] s Ooh 4 24 26 4o}} 38 fis 47 46 18 
411413408. Fs Goo] 9 9 23 | 0 6.5143 
4214 3508 = 500) 1 24 20 | o 26 59 24 
eM 3 es @ 400 6 9 17 1.23, 68) 40 
fi hee € Z00}10 24 14 | 2 20 68 13 
ae 3908 fa Sc : vgs ee eta 
4714} 4008 | > I 3 es Be 
4814) 4108} & 101 y i] ei ? 
i .* i 
Be ekagoaeliae) Bhd 3 
151141 4408 ay Sah sa 
§2141 4508 “ 501 : si cS ae 
5714|5008| “~ 1001 LA ST Ales 
5 4 5 ob: | 2 28 36.59 
Dey 7° 1701 40co lyr 28 “3; 6 
4661 5760 1753| 1 28 © 3Q}}Months.|Sun from nove 


f 
r 


Compleat 


Bae Ss. re 
w fae years,, os co, 4 . OS OF: © 
nape e (fe 2 Sudaelia ose oe 
o>Ees 25 @ 4179 2'° 1 °¥6) 39 
eee ERE A td 56 pid bl 
he SNe i Away 4 4.37 $7 
eae ea LAF 23 
Sofe |mk y 5 6 49 45 
4D S a = 3, 6 29 6 1 
idee oct8 32h ot 9.91% 3 
Pe sa, ete 4. +4 3° 8 12 22 49 
See Eee 5 4 47 9 13 32 18 
|o3 2 Sel3% & 75,53 POCIe Ade 5 
+28 ool 6 12 58 11 16 53 34 
HSUS.2.6 This table agrees with the old ‘file until the 
7 year 17535 and after that, with the zerw. 


‘ 


Days. 


\ 


{ Yt 


396 A Table of the Sun’s mean Motion from the Mion’s } 


Afcending Node. : 
Sun from node; | }Sun from-node;}} Sun from node. . 
hit WH] oo lime wt oO 
ere NT te. Sy we hy See 
otis: 2 19 Go Per it ara via 
| LO 28 LP Shay 117? gp eaped ilar 20 gt 
x Os'4 29 TOUd 32100 wSiahedl 82] ud 2g, ve 
‘ 0. 5 It 304) 3}.0.7 481) g3lor 25 43 
0 ©. 6 13 54)| 4) © 100231) 34]- 128 «-g] 
oO Ov 6 tg 5}°O 12°59 ]| 35) 1 31 55 
0° 8 18 32 |} '6|0 15 351] 36] 1 22 31 
¥ 6 ''9 Bonga 7130 Aorg || B71 a eae 6 
. 0 'T9 '23 1014 48)" 20°47 ||’. 28) ‘1 28 42 | 9 
| Po "2, ao ol'o 29°58 1| bln ae te hoe 
) O32 27 48 |1r10| 0 25.58]| 40] 1 43 54] 
i 0°53 730 -FlF 41] .0 28.331] 4ttd 4636] F 
| O44 32 26.}/12].0 31 1-42) dp dg. ig fg 
0.95 34 15 |} 13}00 33°45 1-43] 1 51 414} © 
(2 fr6}o 16 37 4 |) 14],0 36 21 /] 44] a 54-97 | 
O17 39 23))-15| © 38 57|| 45] t 56 53 
o 18 4f gr) 161 © 41° 32|| 46] I 59 29 
. ONTD AE OUETT | O 44 Ol Ay 202 
ie O 20 46 191] 18|-0 46 44]| 48) 2 4 41 
x O 21 48 38 j/19] © 49 20]| 49] 2 7 17 
© 22 50 57 |} 20) O 51 56}| 50} 2 9 53 
0:23 53 16.]| 21] 0 54 32[| 51] 2 12:29 
© 24°55 35 ||/22) 0 57 8) 52) 215 5 
O47 D Soe | 12318059 457s) ie eae 
O82 7) (OVER ALI4 ako 219 BAL 2 Botte 
0.28) 2532 ))25) 3) 4 55} 55] 2 22 53 
0.29 (4 51 || 26] 1) 7 31}] 560] 2 25 29 
ED opp 29 |e Poe 77) che ae ae me 
r” 1.9 29/128) 1° 12043158) 2 go. 40 
To 211 481129] 115 ‘9}l' 59]. 2°33 16 
2 3. 24. 711.30 117 S51 Gol 2 35 5218 


In leap years, after February, add one day and one |} 
day’s motion to the time at which the fun’s mean dif- 
tance from the a{cending shld a is aquired, 


INDE Xa 


Ps Nevis < Eek 


A a 


Dulteration of metals, to detect page 159 


Air, its properties * 168 
‘Air-pump ~ ae 5 
experiments upon it ; -~ 182—200 
“Alderfea (Mr.) his engine, for raifing water 125 
‘Angle, of incidence | ae Se 205 
of reflection sit iattcmmies 
of refraction | ine 205 
 Antecci . e: yi via ae 
Apparent motion of the heavens ‘p 250 


Archimedes, his propofition for finding the area of a 
circle, and the folidity of a cylinder: raifed upon that 


circle ‘ia 139 
-for finding the deceit i in king Hers’ scrown 153 
‘Armillary {phere 312 
Atmofphere, its whole weight upon the darn 170 
Attraction, of cohefion ae 
of gravitation 8 
of magnetifm 17 
of eletricity UE | 
“Azimuth : | , 3% 
| , : B ins pe ‘ FER) b anti vr 
‘Balance singh Se eK OG. * 
Barometer ee ee ok 
Bodies moving in orbits have a tendency to fly off 
from their orbits 20 
Bodies move fafter in fall orbits than in large ones 31 
: -their centrifugal forces © ib. 
Burning. glafles, the force of their heat SME 8 
C OMe] 

Pi iacia obfcura 2.38 
Cartefian vortexes, abfurd yt a 35 
. Center of gravity 13 
- the curves defcribed by bodies, moving round 

oaks 2 
Central forces | . oe iueks 
Circles of the fphere be 251 


Climate 289 
| 3 Coloured 


Coloured bodies, which are tranfparent, become onal 


Equation of time 
* Equinoétial 249 


INDE xX. 
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“MECHANICS. 


The Defeription of a new and fafe Crane, which 
has four different Powers, adapted to different 
Pil CRP. | ot 


“4 HE common crane confifts only of a 
large wheel and axle; and the rope, by 
i. which goods are drawn up from hips, 
or let down. from the quay to them, winds or 
- coils round by the axle, as the axle is turned by 
men walking in the wheel. But, as thefe 
engines have nothing to ftop the weight from 
running down, if any of the men happen to trip» 
or fall in the wheel, the weight defcends, and 
turns the wheel rapidly backward, and toffes the 
‘men violently about within ic; which has pro- 
duced melancholy inftances, not only of limbs 
Brod: Ld2 : broke, 
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broke, but even of lives loft, by this ill-judged 
conftruétion of cranes. And’befides, they have 
but one power for all forts of weights; fo that 
they generally fpend as much time in ‘Yaifing) a 
{mall weight as in railing a ag one, 


Thefe imperfections and ee induced me 


to think of a method of remedying them. And 


for that purpofe, I contrived a crane with a 
proper ftop to prevent the danger, and with 
different powers juited to different weights; fo 
that there might be as little lofs of time as pof- 


fible: and-ali fo, that when heavy goods are let » 


down into fhips, the defcent may be regular and 
deliberate, 


‘This.crane has four different powers: and, I 
believe, it might be built ina room eight feet in 
width: the gib being on the outfide of the 
room, | | 


Three trundles, with different numbers of - 
‘f{taves, are applied to the cogs of a horizontal 


wheel with an upright axle; and the rope, that 


' draws up the weight, coils round the axle. The © 
wheel has 96 cogs, the largeft trundle 24 ftaves, © 


the next largeft ‘has 12, and the {malleft has 6. 

* So that the Targeft trundle makes 4 revolutions 
for one revolution of the wheel; the next makes 
8, and the fmalleft makes 16. A winch is 
occafionally put upon the axis of either of thefe 
trundles, for turning it; the trundle being then 
ufed that gives a power beft fuited to the weight : 


and the handle of the winch defcribes a circle ‘in ' 


every revolution equal to twice the circumfe- 


rence of the axle of the wheel. So that the - 
| at taal ~ dength — 


MECHANICS, 
_ length of the winch doubles the power gained 
by each trundle. : 


As the power gained by any machine, or — 
engine whatever, is in direct proportion as the 
velocity of the power is to the velocity of the 
weight; the powers of this crane are ealily 
eftimated, and they are as follows. . 


_If the winch be put upon the axle of the 
largeft trundle, and wats four times round, 
the wheel and axle will be turned once round ; 
‘and the circle defcribed by the power that turns - 
__ the winch, being, in each revolution, double the 
circumference of the axle, when the thicknefs of 
the rope is added thereto; the power goes 
through eight times as much fpace as the weight 
rifes through: and therefore (making fome 
allowance for friction) a man will ‘raife eight 
times as much weight by the crane as he would 
by his natural ftrength without it: the power, 
in this cafe, being as eight to one. 


If the winch be put upon the axis of the next 
trundle, the power will be as fixteen toorie, becaufe 
_ it moves 16 times as faft as the weight moves. 


-. If the winch be -put upon the axis of the 
{malleft trundle, and turned round; the power 
_ will be as 32 to one. 7 


. But, if the weight fhould be too great, even. 
for this power to raife, the power may be 
doubled by drawing up the weight by one of 
the parts of a double rope, going under a pulley 
in the moveable block, which is hooked to the 
weight below the arm of the gib; and then the 
ay Dd 3 power 
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power will be as 64 to one. That is, a maf 
could then raife 64 times as much weight by ~ 
the crane as he could raife by his natural ~ 
ftrength without it; becaufe, for’ every inch — 
that the weight rifes, the working power will — 
move through 64 inches. - ‘ 

By hanging a block with two pullies to the © 
arm of the gib, and having two pullies, in the — 
moveable block that rifes with the weight, the © 


rope being doubled-over and under thefe pullies, — 


the power of the crane will be as 128 to one. 

_ ‘And fo, by increafing the number of pullies, the ’ 
power may be increafed as much as you pleafe : ~ 
always remembering, that the larger.the pullies — 
_are, the lefs is their friction. a 


3 | 
Whilft the weight is drawing up, the ratch- j 
teeth of a wheel flip round below a catch or click | 
that falls fucceffively into them, and fo hinders © 


happen te quit his hold, or choofe to reft hime — 
felf before the weight be quite drawn up. : 


; 

:. 

. In order to let down the weight,’ a man outta 
down one end of a lever of the fecond kind, — 
‘which lifts the catch ef the ratchet-wheel, and ~ 
gives the weight liberty to defcend. But, if the” 
- deféent be too quick, he pulls the lever a little — 
" farther down, fo as to.make it-rub againft the 
~ outer edge of a round wheel; by which means — 

. he lets down the weight as-flowly as he pleafes: — 

and, by pulling a little harder, he may ftop the ~ 


weight, if, needful, in any part of its. defcent. — 
ot . ith 
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MECHANICS. 
If he accidentally quits hold of. the ‘lever,. the 
‘catch immediately falls,. and ftops both» the 
weight and the whole machine. 


This crane-is teprefented in PLATE TI. 
where @ is the great wheel, and B its axle on 
which the rope C winds. . This rope goes over 
a pulley D in the end of the arm of the gib Z, 
and draws up the Weight #, as the winch G is > 
turned round.. His: the largeft trundle, J the 
next, and K is thé: axis of the fmalleft: trundle, 
which is fuppofed to be: hid from’ view by the 
upright fupporter Z. °:A trundle M7 is\turned 
by the great wheel, and on the axis ofthis 
trundle is fixed the ratchet-wheel N, into the 
- -teéth of which the catch O falls. » P is the lever, 
from which goes a rope 2.2, over a pulley R 
to the catch; one end of. the rope being, fixed 
‘tothe lever, and the other end to the catch. S$ 
- 4s an elaftic bar,of wood,’ one end of ; which is 
fcrewed: to’ the floors ‘and, from the other end 
“goes.a rope (out of fight in the figure) to the 
_ further-end of the lever; beyond the pin or axis 
on which it turns in the upright fupporter 7. 
The ufe of this baristto keep up:the lever from 
rubbing againft the edge of the wheel U, and to 
Jet the catch keep in the teeth of the ratchet- 
wheel : But a weight hung to the fartherend of 
‘the lever would do full as well as the elaftic bar 
and rope. 


When the lever is pulled: down, »it lifts the 
atch out of the ratchet-wheel, by means of the 
- rope 9.9, and gives the weight / liberty to 
-defcend: but if the lever P be pulled a little 
farther down than what is fufficient to life the 
catch O out of the ratchet-wheel Ny, it will rub 
A pe (bee againtt 
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apaintt the edge of the wheel U, and thereby 
‘hinder the too quick defcent of the weight ; and 
will quite ftop the weight if pulled hard. And 


if the man who pulls the lever, fhould happen’ 


inadvertently to let it go; the elaftic bar will 
fuddenly pull it up, and the catch will fall down 
and ftop the machine. fa} 


W W are two upright rollers above the axis 


or upper gudgeon of the gib’ EZ: their ufe is to 


det the rope C bend upon them, as the gib is. 


turned to either fide, in order to bring the weight 


over the place where it is intended to be let 


down. 


IN. B. The rollers ought to be fo placed, that 
if the rope C be ftretched clofe by their utmoft 
fides, the half thicknefs of the rope may be 
perpendicularly over the center of the upper 
gudgeon of the gib. For then, and inno other 


pofition of the rollers, the length of the rope — 
between the pulley in the gib and the axle of 


the great wheel will be always the fame, in all 
pofitions of the gib: and the gib will remain 
in any pofition to which it is turned, : 


When either of the trundles is not turned by 


the winch in working the crane, it may be drawn 
off from the wheel, after the pin near the axis of 
the trundle is drawn out, and the thick piece of 
wood is raifed a little behind the outward fup- 
“porter of the axis of the trundle. But this is 


not material: for, as the trundle has no friction 


“On its axis but what is occafioned by its weight, 


it will be turned by the wheel without any fen- 


fible refiftance in working the crane. 
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MECHANICS. 

A Pyrometer, that makes the Expanfion of Metals 
by Heat vifible ta the five and forty thoufandth 
Part of an Inch. | | 


The upper furface of this machine is repre- 
fented by Fig. 1. of Plate II. Its frame BCD 
is made of mohogany wood, on which is a circle - 
divided into 360 equal parts; and within that 
circle is another, divided into 8 equal parts. . If 
the fhort bar Z be pufhed one inch forward (or - 
toward the center of the circle) the index e will 
be turned 125 times round the circle of 360 parts 
or degrees, As 125 times 360 is 45,000, tis evi- 
dent, that ifthe bar £ be moved only the 45,o0odth 
part of an inch, the index will move one degree 
ofthe circle. But asin my pyrometer, the circle 
_ is 9 inches in diameter, the motion of the index 
is vifible to half a degree, which anfwers to the 
ninety thoufandth part of an inch in the motion 
or pufhing of the fhort bar £. 


~ One end of a long bar of metal Fis laid into 
a hollow place in a piece of iron G, which is 
fixed to the frame of the machine; and the 
other end of this bar is laid again{t the end of 
the fhort bar Z, over the fupporting crofs bar 
- HT: and, asthe end f of the long bar is placed 
clofeagainft the end of the fhort bar, *tis plain, 
that if F expands, it will pufh £ forward, and 
gam the index ¢. 8 ue 


tg The machine ftands on four fhort pillars, 
high enough from a table, to let a fpirit-lamp 


tw 


. be put on the table under the bar F'; and when 
that is done, the heat of the flame of the lamp 
expands the bar, and turns the index. 


Sani 


;3 
iT : here 


+ 
a 
ae 


Sor. 


bad 


a8 7 18 to 12. 


MECHANICS. 


There are bars of different metals, as filver, 


brals, and 1 iron ; all of the fame length as the 


bar Ff, for trying experiments on the different 
expantion of different metals; by equal degrees 
of heat applied to them for equal leneths of 
time; which nay be meafured by a pendulum, 


phat fwings feconds. Thus, 


Put on the brafs bar Fy and fet the index to 
the 360th degree: then put the lighted lamp 
under the bar, and count the number of feconds 
in which the index goes round the plate, from 
360 to 360 again; and then blow out the lamp, 
_ and take away the bar.” 


This done, put on an irontbar F where dhe 
brafs one was before, and then fet the index to 


. the 360th degree again. ‘Light the lamp, and 


put it under the iron-bar, and let it remain juft 
as many feconds as it did under the brafs one; 


and then blow it out, and you will fee how ~ 


many degrees the index has moved in the circle: 


and by that means you will know in what pro- 


portion the expanfion of iton is to the expanfion 
of brafs ; which I find to be as 210 is to 360, or 


expantion of different metals:may be found. 


‘The bars ought to be eheeetTy of ‘anal fize’ 5 


and to have them fo, they fhould be drawn, like 
wire, through a hole. | 


When the bash: is blown out, you will fee the 


_ index turn backward; which fhews that the 


metal contracts as it dagte: 


follows. 


In) 


By this method, the’ relative ~ 


The infide of this pyrometer is conftruéted as 


_- oo 
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“In Fig. 2. 4a is the fhort bar, which moves 
between rollers; and, on the fide a it has 15 


teeth in an inch, which take into the leaves of a 
pinion B (12 in number) on whole axis is the 


wheel C of roo teeth, which take into the 10° 


leaves of the pinion D, on whofe axis is the 
wheel E of roo teeth, which take into the 10 
_ leaves of the pinion #, on the top of whofe axis 
~ is the index above: mentioned. | | 


~ Now, as the wheels Cand £ have roo teeth 


each, and the pinions D and F have ten leaves — 


each; tis plain, that if the wheel C turns once 
sound, the pinion F and the index on its axis 
will; turn. roo times round. -But, as the firit 
pinion B has only 12 leaves, andthe bar 4a@ 
that turns it has 15 teeth in an inch, which is 


z2 and a fourth part more ; one inch motion of © 


the bar will caufe the laft pinion # to turn an 
hundred times round, anda fourth part of an 
hundred over and above, whichis 25. So that, 
if 4a be pufhed one inch, F will be turned 125 
times round, 


A fill thread’} is tied to the axis of the pinion 


-.—D, and wound feveral times: round it and the 
other end of the thread is tied to a piece of 
flender watch-fpring G which is fixed into the 
ftud H. So that, as the bar f expands, and 
pufhes.the bar 4 a@ forward, the thread winds 
_sround the axle, and draws out the fpring ; and 
vas'the bar contracts, the fpring pulls back the 
thread, and turns the work the contrary way, 


which pufhes back the fhort bar 44 againit.the | | 


‘long barf This {pring always keeps the teeth 
‘of the wheels. in contact withthe leaves of 


iw i . : : mt the, 
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the pinions, and fo prevents any fhake in fe 
teeth. 


In Fig..1. the eight divifions of the inner 


circle are fo many thoufandth parts of an inch. 


in the expanfion or contraction of the bars; | 
which is juft-one thoufandth part of an inch for . 
each divifion moved over by the index. 


AA Water. Mill, invented by Dr. Barker, that has 
neither Wheel nor Trundle. | 


This machine is reprefented by Fig. 1. of 


| Plate III. in which, 4 is‘a pipe or channel that 


brings water to the upright tube B. The 
water runs down the tube, and thence into the 
horizontal trunk C, and runs out through holes 
at dand enear the ends of the trunk on the con- 
trary fides thereof. | | 


~The upright {pindle D is fixt in the bottom 
of the trunk, and fcrewed to it below by the 


nut g; and is fixt into the trunk by two crofs 


bars at f: fo that, if the tube B and trunk C 
be turned round, the {fpindle D will be turned - 
alfo. 


The top of the fpindle goes’ fquare into ie 
rynd of the upper mill-ftone H, as in common 


‘mills ; and, as the trunk, tube, and {fpindle turn 
round, the mill-ftone is turned round there- 
‘by. The lower, or quiefcent mill-ftone is re- 


prefented by Is and K is the floor on which it | 
ine and wherein is the hole LZ for letting the 
mea} 


* 1 
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meal run through, and fall down into a trough 
which may be about 47. The hoop or cafe 
that goes round the mill-ftone refts on the floor 
K, .and fupports the hopper, in the common 
way. The lower end of the fpindle turns in a 
hole in the bridge-tree GF, which fupports the 
mill-ftone, tube, fpindle, and trunk. This 
tree is moveable on a pin at 4, and its other end 
is f{upported by an iron-rod NV fixt into it, the 
top of the rod going through the fixt bracket 
O, and having a {crew-nut 0 uponit, above the 
bracket. By turning this nut torward or back- 
ward, the mill-ftone is raifed or lowered at 
pleafure. 


- Whilft the tube B is kept full of water from 
“the pipe 4, ‘and the water continues to run out 
from the ends of the trunk; the upper mill- | 
ftone H, together with the trunk, tube, and 
fpindle, turns round. But, if the holes in the 
trunk were ftopt, no motion would enfue; even 
‘though the tube and trunk were full of water. 
For, | ) 


If there were no hole in the trunk, the pref- 
fure of the water would be equal againft all 
arts of its fides within. But, when the water 
fas fee egrefs through the holes, its preffure 
there is entirely removed: and the prefiure 
_againft the parts of the fides which are oppofite 
to the holes, turns the machine, ) 
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HYDROSTATICS. 


‘A Machine for demonftrating that, on equal Bot-— 
toms, the Preffure of Fluids is in Proportion to — 
their perpendicular Heights, without any regard 
to their Quantities. ; 

4 

LIS istermed The Hydroftatical Paradox: 
and the machine for fhewing it is repre, 

fented in Fig. 2. of Plate III. In which 4 is a_ 

box that holds about a pound of water, abcde 

-aglafs-tube fixt in the top of the box, having a 

{mall wire within it; one end of the wire being © 

hooked to the end F of the beam of a balance, © 

and the other end of the wire fixt to a moveable — 
bottom, on which the water lies, within ‘the! 
box; the bottom and wire being of. equal 
weight with an empty fcale (out of fight in the 
fisure) hanging at the other end of the balance. 

If this {cale be pulled down, the bottom will be 

drawn up within the box; and that motion will 

caufe the water to rife inthe glafs-tube. 


Pat one pound weight into the fcale, which 
will move the bottom a little, and caufe the 
water to appear juft in the lower end of the 
tube ata; which fhews that the water prefies 
with the force of one pound on. the bottom: put 
another pound into the fcale, and the water will 
rife from a to 2 in the tube, juft twice as high» 
above the bottom as it was when at a; and then, — 
as its preffure on the bottom fupports two pound 
weight in the-{cale, ’tis plain that the preffure. 
on the bottom is then ‘equal to two pounds, 
Put a third pound weight in the fcale, and the 

| water 
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HYDROSTATICS. 


water will be raifed from 2 tore in the tube, 
three times as high above the bottom as when 
it began to appear in the tube at a; which 
fhews, that the fame quantity of water that 
prefled, but with the force of one pound on 
the bottom, when raifed no higher than a, 
preffes with the force of three pounds on the 
bottom when raifed three times as high to c in 
the tube. Puta fourth pound weight into the 
feale, and it will caufe the water to rife in the 
tube from ¢ to d, four times as high as it was 
when it was all contained in he, box, which 
fhews that its preflure then upon the bottom is 
four times as great as when it lay all within the. 
box. Puta fifth pound weight. into the {cale, 
and the water will rife in the tube from d to e, 
five times as high as it was above the bottom 
before it rofe in. the tube ; which fhews that its 
preffure on the bottom is then equal to five 

ounds, feeing that it fupports fo much weight 
in the feale. And fo’ on, if the tube was till 
longer ; for it would {till require an additional- 
pound put into the fcale, to raife the water in 
the tube to an additional height equal to the 


fpace de; even if the bore of the tube was fo | 


{mall as only to let the wire move freely within 
it, and leave room for any water to get around 
the v wire. 


Hence we infer, that. if a long narrow pipe 
or tube was fixed in the top of a cafk full of 
liquor, and if as much liquor was poured into 
the tube as would fill it, even though it were 
fo fmall as not to hold an ounce weight of li- 
quor; the preffure arifing from, the liquor in, 
the tube would be as ereat upon the bottom, 

and 
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and be in as much danger of burfting itout, as | 
if the cafk was continued up, in its full fize, to - 
the height of the tube, and filled with liquor. | 


In order to account for this furprifing affair; 
we muft confider that fluids prefs equally in all 


manner of directions; and confequently that 


they prefs juft as ftrongly upward as they do. 
downward. For, if another tube, as fj) be put 
into a hole made into the top of the box, and 
the box be filled with water; and then, if water 
be poured in at the top of the tube'a bcd e, it. 
will rife in the tube f to the fame height as it does - 
in the other tube: and if you leave off pouring, 
when the water is at c, or any other place inthe 
tube ¢@hede, youwill find it juft as high in the 
tube f: and if you pour in water to fill the firft 
tube, the fecond will be filled alfo. 


Now itis evident that the water rifes in the 
tube f, from the downward preffure of the wa- 
ter in the tube @dcde, on the furface of the 
water, contiguous to the infide of the top of the 
box; and as it will ftand at equal heights in 
both tubes, the upward preffure in the tube f is 
equal to the downward preffure in the other tube. 
But, if the tube f were put in any other part of 
the top of the box, the rifing of the water in it-— 
would ftill be the fame: or, if the top was full 
of holes, and a tube put into each of them, the 
water would rife as high in each tube as it was 
poured into the tube abcde; and then the 


- moveable bottom would have the weight of the 


water in all the tubes to bear, befides the weight 
of all the water in the box. 


| And 


’ 


HYDROSTATICS.: 
“And feeing that the Water is preffed upward 
into each tube, *tis evident that, if they be all 
taken. away, excepting the tube abcde, and 


the holes in which they ftood be ftopt up; each 


| part, thus ftopt, will be prefled as much up- 


; at K 
ward as was equal tothe weight of water in each 


tube. °So that, “the upward ‘preffure againtt the 


-Infide’of the top of the box, on every part equal 
in breadth to the width of the tube a cde, will 
be ‘preffed upward with a force equal to. the 

whole weight. of water in the tube. And confe- 


quently, the whole upward preffure againft the 


top of the Box, arifing from the weight or 
downward preflure-of the water in the tube, will 
be equal to the weight of a column of water of 


the fame height with thatin the tube, and of the . 


fame thickneis:as the width of the infide of the 


- box:-and'this: upward: preffure:againft the top 
will re-act downward againft the bettom, and 


_ be as great thereon,» as. would be equal to the 
weight of a column of water as thick as the 
_ moveable bottom is’broad, and as. high ‘as the 
_ water ftands,in the tube:, And thus, the para- 
 doxisfolved.. . | a det 


~The moveable bottom has no friftion againt 


the infide of the:box, nor can-any water get 


between it and the box. The method of mak- 


ing it fo, is as follows 2M 


y 
~ 


* 
ZS 


An Fig, 3. 4BCD. reprefents a fection of the, 
box,.and 44 ¢d is the lid or, top thereof, which. 
goes on tight, like the lid of a common paper, 


inuff box. Eis the moveable bottom, with a 


groove around its edge, and it is put into. a 
bladder fg, which is tied clofe around it in the 


Ke = groove 


£7 
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groove by a ftrong waxed thread; the bladder 
coming up like a purfe within the box, and put 
over the top of it at aand d all round, and. — 
then the lid preffed on. So that, if water be, 
poured in through the hole / lof the lid, it will 
lie upon the bottom #, and,be contained in the 
{pace f Eg b within the bladder; and the bot- 
tom may be raifed by pulling the wire 7, which 
is fixed to it at ZH: and. by thus. pulling the 
wire, the water will be lifted up in the tube 4, 
and as the bottom does, not. touch againft the, 
infide of the box, it moves without friction, : 


‘Now, fuppofe the diameter of this round bot- 
tom to be three inches (in which cafe, the area — 

. thereof will be 9 circular inches) and the diame- 
ter of the bore of the tube to bea quarter of an - 
inch; the whole area of the bottom willobe'144 

times as great as the area of the top of a pin 
that would fill the tube like a cork. an $< 


0 i 


And hence it is plain, that if the moveable 
bottom be raiféd only the r44th part of an inch, 
the water will thereby be raifed a whole inch in 
the tube ; and confequently, that if the bottom © 
be raifed. one inch, it would raife the water to 

_ the top of a tube 144 inches, or 12 feet, in. 


N. B. The box muft be open below the . 
moveable bottom, to let in the air. Other- 
wife, the preflure of the atmofphere would be. 

. fo great upon the moveable bottom, if it be 
‘three inches in diameter; as to require 108 © 
pounds in the fcale, to balance that preffure, — 

. before the bottom could begin to move. | 
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: A Machine, to be fubpituted in Place of the come 


mon Rey aroftaiipa Bellows. 


In Fie. f. Of PLATE IV. ABCD isan 


_ oblong fquare box, in one end of which is a 
round groove, as at a, from top to bottom, for 
receiving the upright elafs tube 4 which is bent 
toa tight angle at the lowerend (asaté in Fig. 2.) 
and to y that part is tied the end of a large blad- 


der K, (Fig. 2.) which lies in the bottom Qfithe 


box. . Over this bladder is laid the moveable 
board Z (fg..1. and 2.) in which is fixe an sie 
“right wire’ 7; and leaden weights, .N N, 
“the amount of 16 pounds, with cites in theit 
‘middle, are put upon the wire, over the board, 
and prefs Peon it with all their force. 


peo The crofs bar p is then put on, to fecure: the 
tube from falling, and keep it in an upright pofi- 
tion: And then the piece EL FG is to be put on, 
‘the part G fliding tight into the dove-tail’d 
groove H, to keep ythe weights WV WN horizontal, 

and the wire M upright; there being a round 
zt ein the part & F for receiving the wire. 


There are four upright pins in the four cor- 
‘ners of the box within, each almoft an inch long, 
for the board Z to reft upon, .to keep it from 
‘prefling the fides‘of the bladder HeloW | it clofe 
fogether at firft, We eS eg 


The whole machine being thus put together, 
“pour water into the tube at top; and the 
water will run down the tube into. the bladder 
below the board ; and after the bladder has been 
Ee) 2 ‘filled 
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 fmall channel D, to carry water into the cavern 
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filled up to the board, continue pouring water 
into the tube, and the upward prefiure which it 
willexcite in the bladder, will raife the board 
with all the weight upon it, even ‘though the 
bore of the tube fhould be fo {mall, that lefs 
than: ¢ an ounce of water would fill it. 
This sulin acts upon the: fame brite} 
as the one laft defcribed, concerning the Hydro- 
ftatical paradox. | For, the upward preffure 
againft every part of the board (which the 
bladder touches) ‘equal in area’ to the area of the 
bore of the tube, will be prefled upward witha 
force equal to the weight ‘of the water. in the 
tube; and the fum of all thefe preffures, ‘againtt 
fo many areas of the board, will be fufficient to 


raifeit with all the weights upon it.. 


In my opinion, nothing can exceed this fim- 
ple machine, in making the MpwarG preflure of 
fluids evident to fight. 


T be Caufe of reciprocating Springs, nl ¢ ebbing 
and flowing Wells, explained. 


i Fig. 1.0f Prate V. Letadc dbea hill, 
within which’ is a large cavern 4 4 near the 


_top, filled or fed by rains and melted {now on 


the top @, making their way through chinks 
and crannies into the faid cavern, from which 
proceeds a fmall ftream ¢¢ within the body of 
thé hill, and iffues out in a fpring at G on the 
fide of the bill, which will run conftantly whilft 
the cavern is fed with water... 


From the fame cavern 4 J, let there be a 


on 
oe 


; raat <a ee ba ane: ‘ a ee, ah SPRL St or ie 
‘ at het . Se enh woe Getecy eras 


panna 
Satter. sept = 


oats a ueves- 


PO Te 


? ears ee 
stabin ee ar 


intat 5 


pears 3 


peed 


“ fal 
eee i 


NX \\ As WN \ 

S7 Y \\ 
NAS \ 
N 


aS \ \ \ \ 
S SS 


NAAX 


hae 


a 


iA 


HL 


| TATA ATA 


BY¥YDROS TA FICS. 
B; and from that cavern, let there be a bended. 
channel Ee F, larger than D, joining: with the 
former channel ¢ ¢, as at f before it comes to the 
fide. of the hill; and let the joining at f be, 
below the level af the bottom of both thefe 
caverns... | | 


As the water rifes in the cavern B, it will rife 
as high in the channel Ee F': and when it rifes 
to the top of that channel at e, it will run down 
the parte #G, and make a {well in the fpring. 


G, which will continue till all the water is drawn 


off from. the cavern .B, by the natural fyphon 
_ Ee F, (which carries off the water fafter from 2B, 
than the channel D brings water to it) and then 
the fwell will ftop, and only the fmall channel 
CC will carry water to the fpring G, till the 
cavern B is filled to B again by the rill D; and 
then the water being at the top e of the channel 
Ee F, that channel will act again as a fyphon, 
and carry off:all the water from 8 to the. {pring 
G, and.fo make a {welling flow of water at G.as 
before... he aA, 


To illuftrate this by a machine (Fig. 2.) let. 4 
_be a large wooden box, filled with water; and 
letra fmall pipe CC (the upper end of which s 
fixed into the bottom. of the.box) carry water 
from the box to G, where it will run off.con-) 


ftantly, like a fmall fpring. Let another {matl, . 


pipe D carry water from the fame box to the 
box or well B, fromywhich, let a fyphon-E.e F 


proceed, and join with.the pipe CC at f: the, 


bore of the fyphon_ being larger than the. bore of, 
the feeding-pipe D. As the water from this. 
pipe rifes in the well B, it will alfo rife as high; 
inthe fyphon Ee fF’; and when ‘the fyphon is’ 

; | Ee 3 ae 
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full to the top ¢, the water will run over the 


_ bend e, down the part ¢ F, and go off at the 


mouth G; which will make a great ftream at | 


G: and that ftream will continue, , till the fyphon 


has carried off all the water from the well B; 


the fyphon carrying off the water fatter from B 
_than the pipe D brings water to it: and then 


the {well at. G will ceafe, and only the water 


_ from the fmall pipe CC will run off at G, till © 


the pipe D fills ‘the well B again, and then - 
the fyphon will run, and make a twell at G as 
before. : | 


"And thus, we have an artificial reprefentation 
of an-ebbing and flowing well, and of a reci- 
procating pring, in a very natural and fimple 
manner, 


HY DRWULICS. 

An “aot of the Principles by which Mr. Blakey 
“proposes to raife Water from Mines, or from 
Rivers to fupply Towns and Genilemen’s Seats,” 
by bis new invented Fire- Engine, for which be 
bas received His MAJEST Y’s Patent. 


LTHOUGH Iam not at liberty to de- 

{cribe the whole of this fimple engine, yet 

bite the patentee’s leave to deferibe fuch a 
one as will fhew the principles by which it acts, 


a Fig. 4. of Prare IV. let 4 be a large, 
ftrong, clofe veffel,; immerfed’in water up to 
the cock 3, ‘and having a ‘hole in the bottom, 
with a valve a upon it, opening upward within 


the vellel, A Pee BC rile from the ie 


HYDRAULICS, 
of this veffel, and has a cock.¢ in it near the 
top, ‘which is:{mall there, for playing a very 
high jet d. £ is the little boiler (not fo big as 
a common téa-kettle) which is conneéted with 


the veffel 4 by. the, fteam-pipe F; and G is a | 
funnel,. through » which. a little water mutt be ~ 


occafionally poured into the boiler, to yield a 
proper quantity of iteam, And a {mall quantity 
_ of water will do for that parpofe, becaufe {tear 
pofiefleth upwards of 14,000 times as much 
ipace or bulk as the water does from which it 
proceeds. 


The veffel 4 being immerfed in water up to 
the cock 4, open that cock, and the water will 
rufh in, through the bottom of- the veffel ‘at ay 
and fill it as high up as the water ftands on its 
outfide ; and the water, coming into the veffel, 
will drive the air out of it (as high as the water 
rifes within it) through the cock 4. When the 
water has done ruthing into the veffel, fhut the 
cock 4, and the valve @ will fall down, and hin- 
der the water from being pufhed out that way, 
by any force that preffeth on its furface, All 
the part of the veffel above 4, will be full of 
common air, when the water rifes to J, 


Shut the cock c, and open the cocks @ and e; 
then pour as much water into the boiler E 
(through the funnel G) as will about half fil 

the boiler; and then fhut the cock d, and leave 
the cock ¢ open, & t 


This done, make a fire under the boiler Z, 
and the heat thereof will raife a {team from the 
water in the boiler; and the ftéam will make 
its“way thence, through the pipe'F, into the 


e 4 vellel 
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veffel 4; and the fteam will comprefs the air 
(above 4) with avery great force upon the furs 


face of the water in 7. | 

“When the top of the veffel 4 feels very hot 
by the’ {team ‘under it, open’ the cock ¢ in ihe 
pipe C , and the air being ftrongly comprefied 


in A, between the fteam and the water therein, 


will drive-all the water out of ‘the veffel 4, up 
the pipe BC, from which-it wall fly up ina jet 
to a very great height.——In ‘my~ fountain, 
which is made in this manner after Mr. Blakey’s, 
three tea-cup-fulls of water in the boiler will 
afford fteam enough to playa jet 30 feet high. 


When all the water is out of the veffel 4, and 
the compreffed air begins ‘to follow the jet, 
open the cocks 4 and d to let the fteam out of 


the boiler E and veffel 4, and fhut the cock e 
to prevent any more {team from getting into 4; 


andthe air will rufh into the veflcl 4 through 


the cock 2, and the water through the valveas 


and fo the veffel will be filledup with water to 
the cock d as before. Then fhut the cock 4 


and the cocks c and d, and open the cocke; 


and then, the next fteam that rifes in the boiler 
will make its way into the veflel 4 again; and 
the operation will goon, as above, : 


When all the water in the boiler Z 1s evapo- 


rated, and gone off into fteam, pour a little 
more into the boiler, through the Tne Ge... 


see te 


HYDRAULICS. 
up to the intended height, in the direction HL. 


Or, if the houfe be:on the fide or top; of -a hill, - 


at a diftance from the river, .the pipe, through 
which the water is forced: up, may be laid along 
on the hill, from the river or {pring to’ the houfe. 


The boiler may- be fed by a fmall pipe K, 
from the water that rifes in the main: pipe 
BC HI: the pipe K being of a very {mall bore, 


fo as to fill the funnel’G with water in the time . 


that the boiler # will’ require a frefh fupply. 
And then, by turning the cock d, the water will 
fall from the funnel into ‘the boiler, The fun- 
nel fhould hold as much water as will about half 
fill the boiler, Lae 


| When either of thefe methods of raifing water, 

perpendicularly or obliquely, is ufed; there will 
be no occafion for having the cock ¢ in the 
main pipe B CHT: for fuch a cock is requifite 
only, when the engine is ufed as-a fountain. 


A contrivance may be very eafily made, from - 


a lever to the cocks 4, d, ande; fo that, by 
pulling the lever, the cocks 4 and d may be 
opened when the cock ¢ muft be fhut; and the 
- gock e be opened when J and d muft be fhut. 


The boiler E fhould be inclofed in a brick wall, 
ata little diftance from ir, allaround; to give h- 
berty for the flames of the fire under the boiler to 
afcend round about it. By. which means, (the 
wall not covering the funnel G) the force of the 
fteam will be prodigioufly increated. by the heat 
round the; boiler; and the funnel and water in 
it. will, be, heated from the, boiler; fo that. se 
Big as: oiler 
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boiler will not be chilled.’ by letting cold water 
into it; and the rifing ofothe fteam will be {fo 


{ 


much the quicker. 9. 


Mr, Blakey is the only perfon whoever thought 
of making ufe of air as an intermediate body 


_ between fteam and water: bywhich means, the 


{team is always kept from touching the water, 
and confequently from being condenfed’ by it. 
And, on this new principle, he has obtained a 
patent: fo that no one (vary the engine how he 


will) can make ule of air between fteam and - 


water, without infringing on, the patent, and 
being fubject. to the penalties of the law. nt 


This engine may be buile for a trifling ex- 


peace, in comparifon of the common fire engine 


- now in ufe; it will feldom need repairs, and 


will not confume half fo much fuel. And as it 
has no pumps with piftons, it is clear of all their 


friction: and the effect is equal to.the whole 


{trength or'compreflive force of the fteam: 


which the effect of the common fire engine never 
is, On account of the great friction of the piftons 


in their pumps. 


ARCHIMEDES’s Screw-Eugine for raifing 


Water. 


In Fig. 1. of PLATE VI. ABCDis a 
wheel, which is turned round, according to the 


order of the letters, by the fall of water EF, 


which need not be more than three feet, - The 
axle Gof the wheel is elevated fo, as to make 
an angle of about 44 degrees with the horizon ; 
and on the top of that axle is ‘a: whéel “4, whith 
turns {uch another wheel J of the fame ae 
bi | Q 
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_of_teeth: the axle K of this: laft wheel being 
‘parallel to the axle G of the two former wheels. 


The axle G is.cut into a double-threaded 
{crew (as in Fig. 2.) exactly refembling the fcrew 
on the axis of the fly of a common jack, which 
muft be (what is.called) a right-handed-fcrew, 
like the wood-{crews, if the firft wheel turns in 
the direction 4B C D; but mutt be a left-handed 
fcrew, if the {tream turns the wheel the contrary 
way. And, which-ever way the {crew on the 
axle G be cut, the {crew on the axle K muft be 


cut the contrary way; becaufe thefe axles turn 


in contrary directions. 


“The fcrews being thus cut, they muft be 
' eovered clofe over with boards, like thofe of a 
cylindrical cafk ; and then they will be fpiral 
tubes. Or, they may be made of tubes of ftif 


Jeather, and wrapt round the axles in thallow 


grooves cut therein ; as in Fig. 3. 


The lower end of the axle G turns conftantly 
— in-the ftream that turns the wheel, and the lower 
ends of the-{piral tubes are open into the water. 
So that, as the wheel and axle are turned round, 

the water rifes in the fpiral tubes, and runs out 
at L, through the holes M4, N, as they come 
about below the axle. Thefe holes (of which 
there may ‘be any number, as four or fix) are in 
a broad clofe ring on the top of the axle, into 


which ring, the water is delivered» from’ the 


upper open ends of the fcrew-tubes, and falls 
_ into the open box N,.; | 


“The lower and ao the axle K turns on a 
| gudgeon, i in the water in N; and, the fpiral 
) tubes 


ae 
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tubes in that axle take up the water from WV, 
and deliver it into fuch another box under the 


_ top of K; on which there may be fuch another 


wheel as J, to turn a third axle by fuch a whee] 
upon it——Annd in this manner, water may be 
raifed to- any given ‘height, “when there is a 
{trem fuficient for that purpofe'to act on the 


_. broad float boards of the firft wheel. 


4 quadruple Pump-Maill for raifing Water. 


This engine is reprefented in P LATE VII, 
In which 4B CD is a wheel, turned by water 
according to the order of the letters. On the 
horizontal axis are four fmall wheels, toothed. 
almoift half round; and the parts of their edges * 
on which there are no teeth are cut down fo, as 
to be even with the bottoms of the teeth where 
they ftand. 2 


The teeth of thefe four wheels take alternatély 
into the teeth of four racks, which hang by two 
chains over the pullies 9 and L; and to the 
lower ends of thefe racks there are four iron 
rods fixed, which go down into the four forcing: 
pumps, 5, R, Mand N. And, as the wheels 
turn, the racks and pump.rods are alternately 
moved up and down. thi 


rack. K-and pull it down ‘as far as‘the teeth gos. 
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and then the rack J is ‘pulled upward through 
the whole {pace of its teeth, and the wheel G is 
ready to take hold of it, and pull it down again, 
and fo draw.up.the other.- -In the fame 
' mahner, the wheels # and F work the racks O 
and P. a ten 


_ Thefe four wheels are fixed on thevaxle of the. 
gréat wheel in fuch a manner,,.with refpe@ to 
the pofitions of their teeth ; ,that, .whilft.they: 
continue, turning round, there . is. never...ene 


inftant.of time in. which one.or other. of the, 


pump-rods is not going down, and forcing the 
water. So that, in this engine, there is no 
occafion for having a general air-veffel to all the 
umps, to précure Ja ¢onftaht iftréam of water 
Bains from the upper end of the main pipe. 


The piftons of thefe pumps are folid plungers, 
the famie as. defcribed inthe fifth Leéture of my 


beok, to which this is a Supplement. See 


PLATE XI. | fig. 4. of that book, with the 
 defcription of the figure. ! n4i: e 


«From each, of thefe pumps, near the loweft 
end, inthe water, there goes off a pipe, with a 
valve on its fartheft end from the: pump ;° and 
thefe ends of the pipes ‘all enter one clofe box, 
into which: they deliver the water: and into this 
box, the lower end of the main conduét pipe is 
fixed. So that, as the wateris forced or puthed 
into this box, it is alfo pufhed up the main pipe 
to the height that it is intended to be raifed. 


. There is an engine of this fort; defcribed in 
Ramell’s work:: but I. can truly fay, that I 
| never 


2d 


PrALL EN G !. 
never faw it till fone time after I had made this 
model. © 30 i ae 


_ The faid model is not above twice as big as 
the figure of it, here defcribed. I turn it by a 
winch fixed on the gudgeon of the axle behind 
the water wheel; and, when it was newly made, 
and the piftons and valves in good order, I put 
tin pipes 15 feet high upon it, when they were 
joined together, to fee what it could do. And 
I found, that in turning it moderately by the 
winch, it would raife a hogfhead of water in an’ 


hour, to the height of 15 feet. 
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The univerfal Dialling Cylinder. 
WN Bi. tof PLATE VII. ABCD te. 


prefents a cylindrical elafs tube, clofed at 
both ends with brafs plates, and having a wire or 
axis E F’G fixt in the centers of the brafs plates) 
at top and bottom. This tube is fixed to a ho- 
rizontal board H, and its axis makes an angle 


_ with the board equal to the angle of the earth’s 


axis with the horizon of any given place, for 


which the cylinder is to ferve as a dial. And it’ 


muft be fet with its axis parallel to the axis of 

the world in that place; the end £ pointing to! 

the elevated pole. Or, it may be’ made to move 

upon a joint; and then it may be elevated for 

any particular latitude. ae 
, 


There are 24 ftraight lines, drawn with a dia- 
mond, on the outfide of the glafs, equidiltant 
from each other, and all of them parallel to the 
axis. ‘Thefe are the hour-lines; and the hours 
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are fet.to them as in the figure: the XII next. B 


 ftands for midnight, and the oppofite XII;) next 
the board H, ftands for mid-day or noon. 


The axis being elevated to the latitudeof the. 
place, and the foot-board fet truly level, with the 
- black line: alone its middlé:in the plane of the 
meridian, and the endsJVi toward the north;. the 
_ axis FG will ferve as'a ftile or gnomon, and 
_caft a fhadow on the houriof the day, among the: 
parallel hour lines whenothe fun fhines onthe 
machine. |» For,as the fun’s apparent diurnal 
motion is equable inthe heavens, the fhadow of 
the axis: will move equably in the tube; and will 
~ always fall upon that hour-line which is oppofite 
~ to the fun, at any given time.: | | | 


The brafs plate 4D, at the top, is parallel to 
the equator, and the axis # FG is perpendicular 
toit. If right lines be*drawn from the:center of 
this plate, to the upper ends of the equidiftant 
parallel lines on’ the outfide of the tube ; ‘thefe 
right lines will be the hour-lines on’ the equi- 


nottial dial 4 D, at 15: degrees diftance from. - 


each other: and the hour-letters may-'be fet to: 
them as inthe figure. Then, as the fhadow of 
the axis within the tube comes on the‘hour-lines 
of the tube, it will cover'the like -hour-lines-on 
the equinoctial plate:4 D. bee | 


Ifa thin horizontal plate ef be put within the’ 


tube, fo as its edge may touch the tube all 
around ; and right lines be drawn from the center 
of that plate to thofe points of its‘edge which are 
_ cut by the parallel hour-lines on the tube ; thefe’ 
right lines: will be the hour-lines of a horizontal 
dial, for the laticude to which the tube ts 1% 

243. vated, 


3t 


5% 


Dol aL NiGt >. 


vated. | For,°as the fhadow of the axis’ comes 
fucceffively to the hour-lines of the tube,’ and 
covers them, ‘it will thea? cover the like hour- 
lines on the horizontal plate ef, to which the 
hours may be fet; as in the figure. 


— If athin vertical plate g Cy be put within the 
tube, fo as to front the meridian or 12 0’clock 


line thereof, and-the edge of this plate touch 


the tube all around and then, if right lines be 
drawn from the center of the plate to thofe points. 
of its edge:which are cut by the parallelshour- 
lines on the-tube; thefe right lines will be hour- 
lines ofa vertical fouth-dial:> and the fhadow of 
the axis will cover:them at the fame times when 


it covers thofe of the tube. 


If a thin plate be put within the tube fo; as to 
decline, or incline, or recline, by any given num- 
ber of degrees ; and right:lines: be drawn from 
its cénter to the hour-lines of the tube; thefe right” 
lines: will: bethe hour-lines of a declining, inclin-. 
ing,,or reclining dial, anfwering to the like num-: 
ber of degrees, for the latitude to which'the tube’ 


is elevated. «> 


~ And thus, by this: fimple machine, all the: 
principles, of: dialling are made very plain; and. 
evident to the fight. And.the axis of the tube: 
(which is parallel to the axis of the world in 
every latitude to. which it is/elevated) is the ftile 
or gnomon for all the different kinds of fun-dials, : 


. And laftly,, if the axis of the tube be drawn 
out, withthe plates 4D, ef, and-g C upon it; 
and fet it up in fun-fhine, in the fame polition as 


they were in the tube.;, you will have an equi- 
mf 


noctiak 
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Hoeial dial 4 D,a hérizontal dial. of, “and a vet. 
tiéal fouth dial gC; on all which, the time of the 
day will bé fhewn: my che thadow of the axis. oF 
enomon £ FG.» 


Let us now fappote that, inftead of | a “late 
| robs ABC D is a cylinder of wood ; on which 
the 24 parallel hour-lines are drawn, all around; 
at equal diftances from each othet ; and that, 
from the points at top, where thefe lines end, 
tight lines are drawn toward the center, on the 
flat furface 4D: Thefeé right lines ‘will be the 


hour-lines on an equinoial dial, for the latitude 


of the place’ to which the cylinder’ is elevated 
dbove' the: horizontal foot or pedeftal- H;° and 
they are equidiftant from each other, as in Fig. vy 
which is a’ full view of the flat furface or top 
AD of the cylinder, feen obliquely in Fig. 1. 


And the axis of the cylinder (which is a ftraight 


wire E FG all down its middlé) is the ftile or 
gnomon; which is petpendicular to the plane 
-of the equinoétial dial, asthe eatth’s axis is pet= 
| pendicular to the plane of the equator. 


To make a hofizontal ‘aia, by the oflindeis 
for any latitude to which its axis. is elevated 5 
draw out thé axis and cut the cylinder quite 
through, as até b f g, parallel to the horizontal 


board H, and take off the top part e 4D fé; and 


‘the feGtion é b f ¢ e will be of an elliptical form, 
a$ in Fig. 3. Then, from the points of this 
{éftion (on the remaining part ¢ BCS) whete 
the parallel lines of the ourfide of the cylinder 


meet it, draw right lines to the center of the 


fection; atid they will be the true hour-lines for 

a horizoiital dial, as ab ¢da in Fig. 3. which niay 
be included 1 in a circle drawn on that fection. 

| Ef Then 


Ey 


DIALLING | 
Then put the wire into its place again, andi¢ 
will be a ftile for cafting a fhadow on the time. 
of the day, onthatdial. So, £ (Fig. 3.) is the 
ftile of the horizontal dial, parallel to the axis’ 
of the cylinder, q 


To make a vertical fouth dial by the cylins 
der, draw out the axis, and cut the cylinder 
_ perpendicularly to the horizontal board Hy as at | 

giCkg, beginning at the hour line (Bg e 4) of 
XII. and making the fection at right angles to 
ahe line S HN on the horizontal board. . Then, 
take off the upper part. g 4 DC, and the face of 
the fection thereon will be elliptical, as fhewn in - 
Fig. 4. From the points in the edge of this fece 
tion, where the parallel hour-lines on the round, 
furface of the cylinder meet it, draw right lines. 
to the center of the fection; and they will be 
the true hour-lines on a vertical direct fouth dial, — 
for the latitude to which the cylinder was ele-. 
vated: and will appear as in Fig. 4. on which 
the vertical dial may be made of a circular fhape,,_ 
or of a fquare fhape as reprefented in the figure, 
And F will be its ftile parallel to the axis of the © 
cylinder. | | 


And thus, by cutting the cylinder any way, — 
fo as its fection may either incline, or decline, or — 
recline, by any given number of degrees; and. 
from thofe points in the edge of the fection — 
where the outfide parallel hour-lines meet it, — 
draw right lines to the center of the fection, and. 
they will be the true hour-lines, for the ike de=._ 
clining, reclining, or inclining dial:: And the ~ 
axis of the cylinder will always be the gnomom. — 
or ftile of the dial. For, which-ever way the — 
plane of the dial lies, its {tile (or the edge ey r ’ 
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DIALLING: : 
that ¢afts the thadow on the hours of the day) 
mutt be parallel to the earth’s axis, and point 
toward the elevated pole of the heavens, 


To delineate 4 Sun-Dial on Paper, which, wher 
_ pafted round a Cylinder of Wood, shall foew the 
_ Time of the Day, the Sun’s Place in the Ecliptic, 
. and bis Altitude, at any Time of Observation. 
- See PLATE IX. 


_ Draw the right line 24 B, parallel to the top 
of the paper; and, with any convenient opening 
_ of the compafies, fet one foot in the end of theline 
‘at a, as a center, and with the other foot deferibe 
the quadrantal arc 4 EZ, and divide it into goequal 
parts or degrees. Draw the right line 4 C, at 
right angles to a 4 B, and touching the quadrant 
A Hat the point 4. Then, from the center a, 
draw right lines through as many degrees of the 
quadrant, as are equal to the fun’s altitude at 
noon, on the longeft day of the year, at the 
place for which the dial is te ferve ; which alti- 
tude, at London, is 62 degrees: and continue 
thefe right lines till they meet the tangent-line 
AC; and, from thefe points of meeting, draw 
_ftraight lines acrofs the paper, parallel to the 
firft right line 4B, and they will be the parallels 
of the fiin’s altitude, in whole degrees, from fun- 
rife till fun-fet, on all the days of the year.——« 
Thefe parallels of altitude muft be drawn out to 
the right line BD, which muft be parallel to 
AC, and as far as is equal to the intended cif- 
cumference of the cylinder on which the paper 
is to be pafted, whén the dial is drawn upon it. 


Divide the fpace between the tight lines 4C 


and BD (at top and bottom) into twelve equal 
Se Ff a parts, 
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pr Nadl 


parts, for the twelve: figns of the: secliptic 5. and; 
‘from mark to. ‘mark, of thefe divifions_a at top 


and bottom, draw right lines parallel to.4C and 
BD; and place the charaéters of the 12 ‘figns in» 
thefe twelvefpaces, at the bottom, as in the igure: 
beginning” with vp or Capricorn, and ending _ 
with % or Pifces. The {paces including the 
fions fhould be divided ‘by parallel lines. Into 
halves 3 and .if the ‘breadth: will aint of it 
without confufion, into quarters alfo. : 


At the top of ‘the dial, make a feale at the 
months and days of the year, fo as the days may 
{tand’-over the fun’s place for each of them in 
the figns of ‘the ecliptic.’ The 'fun’s ‘place,’ for » 

every “day of the year, may be found’ by any 


common ephemeris : and here it will be beft to - 
make ufe of an ephemeris for’ the fecond year — 


after leap year; as the neareft mean for the fun’s 


place on the days of the leap-year, and on thofe — 


of the firft, fecond, and third year after. | 


Compute the fan? s aidaltte for’ every. hour (in 


the latitude of your place) when he™is in’ the © 


beginning, middle, and end of. each fion of the © 


‘echipties’ bis” altitude at the end of each tee 


being the famé as at the beginning of the next.. 
And: inthe upright parallel lines, at the begin- 
hing and middle of each fign, make marks “for 
thle’ computed altitudes among the horizontal 
parallels of altitude, reckoning them downward, 
according to the order of the numeral ‘figures, fet 


to them at the right hand, anfwering to the like — 


divifions of the quadrant ac the uetr, ”* “Avigg 


- through thefe marks, draw the curve hoaehieail 3 


and fet the hours to them, as in the figure, — 


seckoning the forenoon ‘hours downward, and — 
thie" i 


. so 
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DIALLING 
the aftefnoon hours upward. The "fun’s alti« 
ude fhould alfo be computed for the half hours ; 
and the quafter lines may be drawn, ‘vet'y nearly 
in their proper places, by eftimation and accu- 
facy of the eye. Then, cut off the paper at the 
left hand, on which the quadrant was drawn, 


clofe by the right line 4 C, and all the paper at : 
the right hand clofe by the’ right line B D; and - 


cut it alfo clofe by the top and bottom horizontal 
lines ; and it will be fit for pafting round the 
cylinder... 9, : | 


__ This cylinder is reprefented in miniature by 
Fig.1. PLATE X.. .It fhould be hollow, to 
hold the ftile.D Z when it is not ufed, The 
crooked end of the ftile is put into a hole in the 
top 4D of the cylinder; and the top goes on 
tichtifh, but. muft be made: to turn round on the 
cylinder, like the lid of a paper {nuff-box. The 
{tile muft ftand ftraight out, perpendicular to the 
fide of the.cylinder, juft over the right line 4 B 
in PLATE. IX, where the parallels of the fun’s 
altitude begin : and..the length of the ftile, or 
diftance of its point,¢ from the cylinder, mutt be 
equal to the radius 4 4 of the quadrant 4 £ in 


fhe method of ufing this dial is as follows. 

- Place the horizontal-foot B-C of the cylinder 
ona level table where the fun thines, and turn the 
top 4 D till the ftile ftands juft over the day of 
the then prefent month. Then turn the cylin- 
der about on the table, till the fhadow of the 
{tile falls upon it, parallel to thefe upright lines 
which divide the! figns 5 that js, till the fhadow 
be parallel to. a fuppofed axis in the middle of 


the cylinder;: and then, the point, or lowedt end . 


Feiss of 
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of the fhadow, will fall upon the time of the 
day, as itis beforeor after noon, among the curve 
hour-lines ; and will thew the fun’s altitude at 


*, 
nearest 


that time, among the crofs parallels of his alti- 


tude, which go round the cylinder: and, at the 
fame time, it will thew in what fign of the eclip- 
tic the fun then is, and you may very nearly 
gucfs at the degree of the fign, by eftimation of 
POG FYE i, ty ed 


_ The ninth plate, on which this dial is drawn, 
may be cut out of the book, and pafted round a 
cylinder whofe length is 6 inches and 6 tenths 
of an inch below the moveable top; and its 


_ diameter 2 inches and 24 hundred parts of an 


inch 


Or, I fuppofe the copper-plate prints 


of it may be had ‘at Mr. Cadell’s, bookfeller in 


the Strand, London. But it will only do for 


London, and other places of the fame latitude, | 


When a level table cannot be had, the dial may- 
be hung by the ring Fat the top. “And when it 


"isnot ufed, the wire that ferves for a {tile may 


be drawn out, and put up within the cylinder ; 
and the machine carried in the pocket, ©" 
Zo make three Sun-dials upon three different Planes, 
{2 as they may all foew the Time of the Day by 

‘one GHpiiog. > Vay ak TBE SS A Boe 


"On the flat board 4 BC, defcribe a horizontal 
dial, according to any of the rules laid down in 


the Le&ure on Dialling ; and to it fix its gnomon. 


FGH, the edge of the fhadow from the fide 
#°@ being that which fhews the time of the day, 


To this horizontal or flat board, join the 
upright board EDC, touching the edge'G Hf of 
fae gnomon, ‘Lhen, making the top of the: 


gnomon 
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DIALLING 
gnomion at H the center of the vertical fouth | 
dial, defcribe a fouth dial on the board £ DC. 


_. Laftly, ‘on a circular plate 7K defcribe an 
equinoétial dial, all the hours of which dial are. 
equidiftant from each other; and making a flit 
¢ d in that dial, from its edge to its center, in the 
XII o’clock line; put the faid dial perpendicu- 
larly on the gnomon FG, as far as the flit will 
admit of ; and the triple dial will be finifhed; the 
fame gnomon ferving all the three, and fhewing 
the fame time of the day on each of them. 


An univerfal Dial on a plain Crofs. 


This dial is reprefented by Fig, 1. of PLATE 
XI, and is moveable on a joint C, for elevating 
-.it to any given latitude, on the quadrant Cogo, 
as it ftands upon the horizontal board 4. The 
arms of the crofs ftand at right angles to the 
middle part; and the top of it, from a to ”, is 

‘ of equal length with either of the arms 4 ¢ or mk. 


Having fet the middle line ¢ « to the latitude 
of your place, on the quadrant, the board 4 
level, and the point NV northward by the needle; 
the plane of the. crofs will be parallel to the 
plane of the equator; and the machine will be 
rectified. 


Then, from UI o'clock in the morning, till 
Vi, the upper edge &/ of the arm 79 will caft a 
fhadow on the time of the day on the fide of the 
arm cm: from VI till IX, the lower edge 7 of 
the arm io will caft a fhadow on the hours on 
the fide og. From 1X in the morning to XII at 
noon, the edge a4 of the top part ax will caft a 
fhadow on the hours on the arm wef; from XIT 

to LUI in the afternoon, the edge ¢ d of the top 
+} ey Oe 4 ; part 
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part will: caft a fhadow.on the hours -on the: 
arm kim:,.from, UI to, VI,in. the evening, 
the edge gh will caft a fhadow on the hours 
on the part'p¢; and from VT till TX, the fhadow 
of the edge ¢ W% ik thew the" time: on the top 
part’ caer? 

atthe teal of each Boils ‘a ee ef, &c. bik 
be fo gréat' as’ never to let fhe thadow fall quite 
without the ‘part or arm én whiéh the-hours are 
fnarked, when'the fun is at his greateft « declina- 
tion from the: cqenton b seticdendtiln 


To determine the breadth of vik fides of the 
drmis'which contain the hours; fovas to be in jutt 
proportion to their lengths. make an angle 
ABC (Fig. 2.) of 23% degrees,’ which is equal 
to the fun’s greateft declination: and fuppofe: 


the length of each arm, from the fide of the long 


middle part, and alfo the length of:the *op* “ 
above tte arms, to be equal to Bd, — 


rien as the edges: of the fhadow, from each 
of the arms, will be parallel to Be, making an angle 


_ of 232 degrees with the fide Bd of the arm: ‘when’ 


the fun’s declination is 2s ‘degrees § 3 tis’ plain, 
that if the léneth of the arm Be’ Ba, the leaft’ 


- breadth that it can have, to keep the edge Be of 


the fhadow Be gd from.going off the fide of the 
arm dé, before it comes to the ended thereofy 
mutt be; equal , to ed orig B.- But in order to) 
keep the fhadow within the: quarter divifions: of 
the hours, . when it, comes.near the end,of the; 


arm, the breadth thereof fhould be ftull.greater,. 


fo as to be almof doubled,,on. account;of the, 


diftance between the ups of the AIMS, no Sova! 
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_ To place the hours right on the arms, take the 
following method. — ee 


Lay down the crofs a cbd (Fig. 3.) ona hheet 
of paper; and with a black lead pencil, held 
clofe to it, draw its fhape ahd fize on the paper. 
Then taking the length ae in your compafies, 


and iegns one foot -in the corner. 4, with the’ 


other foot deferibe the quadrantal arc ef 
Divide this afc into fix equal.parts, and through 
the divifion marks draw right lines ag, ah, &c. 
continuing three of them to the arm ¢e, which 
are all that can fall, upon it; and they will meet 
the arm in thefe points through which the lines 
that divide the hours from each other (as in 
Fig. 1.) are to be drawn right acrofs it. 


Divide éach arm, for the three hours ir con- 


tains, in the fame manner; and fet the hours to 
their proper places (on the fides of the arms) as 
they are marked in Fig. 3. Each of the hour 
paces fhould be diviced into four equal parts, 
for the half hours and quarters, in the quadrant 
ef; andright lines fhould be drawn through 
thefe divifion-marks in the quadranr, to the 
arms of the crofs; in order to determine the 
places thereon where the fub-divifions of the 
hours muft be marked.” 


- 


| This is a very fimple kind of univerfal dial ; | 


it is very eafily made, and will have a pretty un- 
common appearance in a garden.———I have feen 
a dial of this fort, but never faw one of the kind 
that follows, y er AA ok, | 


4r 
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An univerfal Dial, foewing the Hours of the Day by 
a terreftrial Globe, and by the Shadows of feveral 

_ Gnomons, at the fame Time: together with all 

_ the Places of the Earto which are then enlightened 
by the Sun, and thofe to which the Sun is then 
rifing, or on the Meridian, or Setting. 


This dial (See PLATE XII.) is made of a 
thick fquare piece of wood, or hollow metal. 
The fides are cut into femicircular hollows, in - 
which the hours are placed; the ftile of each 
hollow coming out from the bottom thereof, 
as far as the ends of the hollows project. The 
corners are cut out into angles, in the infides of 


which, the hours are alfo marked; and the edge 


of the end of each fide of the angle ferves as a 
ftile for cafting ‘a fhadow on the hours marked . 
on the other fide. : nes 


Yn the middle of the uppermoft fide or plane, 
there is an equinoctial dial ; in the center where- 
of, an upright wire is Gxt, for cafting a fhadow on 
the hours of that dial, and fupporting a {mali 
terreftrial globe on its top. , 


~ The whole dial ftands on a pillar, in the 
middle of a round horizontal board, in which 
there is a compafs and magnetic needle, for 
placing the meridan {tile taward the fouth. The 
pillar has a joint with a quadrant upon it, divided: 
into 90 degrees (fuppofed to_be hid from fight 
under the dial in the figure) for fetting it to the 
latitude of any given place; the fame way as ~ 
already defcribed in the dial on the crofs. | 


The equator of the globe is divided into 24 
equal parts, and the hours are laid down upon it — 
| eh 
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at thefe parts. The time of the day may be 
known by thefe hours, when the fun fhines upon 
the globe. | 


- To rectify and ufe this dial, fet it on a level 


table, or fole of a window, where-the fun fhines, _ 


placing the meridian ftile due fouth, by means 
of the needle ; which will be, when the needle 

oints as far from the north fleur-de-lis toward 
the weit, as it declines weftward, at yaur place. 
Then bend the pillar in the’joint, till the black 
Jine on the pillar comes to the latitude of your 
place in the quadrant. 


_ The machine being thus rectified, the plane of 
jts dial-part will be parallel to the equator, the 
wire or axis that fupports the globe will be paral- 
lel to the earth’s axis, and the north-pole of the 
globe will point toward the north pole of the 
heavens. : 


The fame hour will then be fhewn in feveral 
of the hollows, by the ends of the fhadows of 
their refpective files: The axis of the globe 
will caft a fhadow on the fame hour of the day, 


in the equinoctial dial, in the center of which it - 


is placed, from the 20th of March to the 23d of 
September; and, if the meridian of your place 


on the globe be fet even with the meridian ftile, — 


all the parts of the globe that the fun fhines 
upon, will anfwer to thofe places of the real 
earth which are then enlightened by the fun. 


‘The places where the fhade is juft coming upon — 


the globe, anfwer to all thefe places of the earth 
to which the fun is then fetting ; as the places’ 
where it is going off, and the light coming on, 


an{wer to all the places of the earth where the fun: 


is 


cfs 
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is themrifing.» And laftly, if the.hour of VI be 
marked on the equator in. the meridian ‘of your 
place (as it is marked on the meridian of Lon: 
don in the figure) the divifion of the light and 
thade on the globe will meee ee time of the ne 

sai 4 


The shire qile of fh ear Petite to the 
fouthern or “meridian one) is hid from fight in 
the figure, by ‘the-axis of the globe. ‘The hours 
in the ‘hollow to'which that {tile belongs, are 
alfo fuppoled tobe hid by the’ oblique view of 
the figure: but’ they ‘are the fame ‘as the hours 
in the ‘front-hollow. ‘Thofe’ alfo in’ the right 
and left hand femicircular hollows are moitly | 
hid from’ ‘fights: ‘and! fo alfo are all thofe on ‘the 
fides next Ni bb of Aig four’ acute’ a a 'e 


ry 
ie he Nad? wa) 4 da Jide 
a 


ihe epat necatia 7 this ie is. as follows, ‘See 
P PATS Sie Pern 
; Ona thick fquare, piece of .wood, or metal, 
a the lines.¢ cand Ad, as far from: each other, 
as you intend for the thicknefs of the. file abe diy 
and in the Jame, manner,, draw the like thick- ys 
nefs of the other three ftiles, efgh,ikim, and — 
a 0p > all anding outright as aR the COLNE Fa 


\ m1 


“fifths any. convenient, opening. ee Ate com- 
pafles, as a4 (fo.as°to'leave proper ftrength: 
of {tuff when KJ is equal.to:a 4): fet ane, foot 
ina, as a center,,and with: the other foot de~ 
{eribe the quadrantal arc dc. Then without 
altering the compaffes, fet one» foot in dasa? 
center, and with the other foot deferibe the qua=: | 
drant dB. All the other quadrants in the feurey 
muft be deferibed i in the fame manner, and withs 
i the 
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the fame opening of the: compaffes, on their. 
centers ¢, f;.4.&3 and #0; and each quadrant 
divided into 6 equal parts,,for fo many hours, 
as in the figure; each of which parts. mutt be 
fub-divided into 4, for the half hours and 
quarters:- sf alliisty [Tiree o3 pfs he 
_. At equal diftances from each corner, draw the 
right lines Jp and.Kp, Lg and Mg, Nr and . 
Or, Psand Qs; to. form, the four angular 
hollows 1p K, L 4 M,.N-r O, and Ps Q; mak- 
ing, the diftances between the tips. of, thefe hol- 
lows, as 1K,.LM, NO, and PQ, cach equal 
to.the radius of the quadrants ; and leaving fufi- 
cient room within, the angular points, p, 9,73 
and s, for the equinoctial inthe middle. 


+ Todivide the infides of thefe angles properly, 
for the hour-fpaces thereon, take. the following 
method. tt ae als ; 
- Set one foot of the compaffes in, the point J, 
as.acenter; and open the other to K, and with 
that opening, .defcribe the arc Ké: then, with- 
out.altering the. compafies, fet one foot in K, 
and with the other foot defcribe the arc [4,. 
Divide each of thefe arcs, from Jand K to their 
interfection at ¢, into four equal parts; and, 
from their centers J and -K, through the points 
of divifion, draw the right lines J. 3, 14; 1.5, 
I6, 173 and.K2, Ka, Kt, Kia; and they 
will meet the fides Kp and /p of the angle Jp K 
_ where the hours thereon muft be placed. And 


thefe hour-{paces. in the arcs muft be fubdivided . 


into four equal parts, for the half hours and 
quarters——Do the like for the other three 
angles, and draw the dotted lines, and fet the, 
: , . : hours 


oy 
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_ hours in the infides where thofe lines meet ther; 


as in the figure: and the like hour-lines will be 
parallel to each other in all the quadrants and in — 
all the angles. 


Mark points for all thefe iouke on the upper 
fide ; and cut out all the angular hollows, and 
the quadrantal ones quite through the places 
where their four gnomons muft ftand; and lay 


down the hours on their infides, as in Plate 


XII, and then fet in their four gnomons, which 


mutt be as broad as the dial is thick; and this 


breadth and thicknefs muft be large enough to 
keep the fhadows of the gnomons from ever | 
falling quite out at the fides ‘of the hollows, even 
when the fun’s declination is at the greateft. 


- Laftly, draw the equinodtial dial in the mid- 
die, all the hours of which are equidiftant from 
each other ; and the dial will be finifhed, 


As the fun goes round, the broad avid of 
dhe fhadow of in ftile abc a will fhew the hourg 


~ in the quadrant 4 ¢, from fun-rife till VI in the 


morning; the fhadow from the end M-will thew. 


the hours on the fide Lg from V to [X in the 


morning; the fhadow of the itile ef g 4 in the 
quadrant Dg (in the long days) wili fhew the 


hours from fun-rife till VIG in the morning ; and 


the fhadow of the end N will fhew the morning 
hours, on the fide O 7, from III to VIL. 


Fuft as the Ruitot of the riorthern ftile abcd 


. goes off the quadrant 4c, the fhadow of the 


fouthern ftile ik 1 m begins to fall within the 

quadrant #’/, at VI inthe morning ; and fhews 

the time, in that quadrant, from VI till XIlae 
HOON 5 
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noon ; and from noon till VI in the evening in 
the quadrant mE. And the fhadow of the end 
O, fhews the time from XI in the forenoon till 
IJI in the afternoon, on ‘the fide rN; -as the 
fhadow of the end P fhews the time from IX in 
the morning till I o’clock in ‘the afternoon, on 
the fide 9 s.~ | | 


At noon, when the fhadow of the eaftern {tile 
ef gh goes off the quadrant &C (in which it 
fhewed the time from VI in the morning till 
oon, as it did in the quadrant g D from fun- 
rife till VI in. the morning) the fhadow of the 
weftern ftile 79 p ¢ begins to enter the quadrant 
’ Hp; and thews the hours thereon from XII at 
noon till VI-in the evening; and after that till 
fun-fet, in the quadrant ¢G: and the end 9 
cafts a fhadow on the fide Ps from V in the 
evening till IX at night, if the fun be not fet 
_ before that time. + | ce 


The fhadow of the end J fhews the time on 
the fide Kp from IIL till VII in the afternoon; 
and the fhadow of the ftile a4 ¢ d thews the time 
from VI in the evening till the fun fets, 


The fhadow of the upright central wire, that 
fupports the globe at top, fhews the time of 
the day, in the middle ‘or équirioctial dial, all 
the fummer half year, when the fun is on the 
north fide of the equator, 


In this fupplement to my book of Leétures, ’ 
all the machines that I have added to my appa-- 


ratus, fince that book was printed, are de- 
feribed, excepting two; one of which isa model 
OL 


oe 
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> to turn it into all manner of pofitionse:: | 7 
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of a mill for fawing timber, and the otherisa@ 


model of the great engine ac London-bridgey 


for raifing water. . And my’ reafons for Jeaving 
them our are as follow... . oe od) ot 

. Fir, T found ic impoffible to make fuch a 
drawing of the faw-mill as could be underftood;' 
becaufe, in whatever view it be taken, a great 
many parts of it hide others from’ fight: « And, 


fn 


in order to.thew it in my Ledtures, I amobligeds 


‘ete! 
Pah 


Secondly, Becaufe any ‘petfon who looks on. 


Fig. 1. of Prare XIl in, the book; and' reads’ 
the account of it in the fifth Lecture therein,” 
will be able to forma very good idea of the Lon-’ 


don-bridge-engine, which’ has only two wheels: 


and two. trundles more than there are in Mr. 


Alderfea’s engine, from which the faid igure was? 
- “taken, | : a ia 
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